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ABREVIATURAS E SIGLAS

ABC - A: A1C (hemoglobina glicada); B: Blood Pressure (pressao arterial); C:
Cholesterol (low density lipoprotein-cholesterol)

ADA - American Diabetes Association

BRAs - Bloqueadores dos Receptores da Angiotensina |l

DALYs - Anos de vida ajustados para incapacidade (Disability Adjust Life Years)
DCNT - Doencas Crbnicas N&o Transmissiveis

DCV - Doenca Cardiovascular

ELSA - Estudo Longitudinal da Saude do Adulto

ECA - Inibidor da Enzima Conversora de Angiotensina

GBD - Global Burden of Disease

IAM - Infarto Agudo do Miocéardio

IDF - International Diabetes Federation

LDL-c - Low Density Lipoprotein-Cholesterol

MS - Ministério da Saude

NHANES - National Health and Nutrition Examination Survey

PIB - Produto Interno Bruto

PNS - Pesquisa Nacional de Saude

RNDS - Rede Nacional de Dados em Saude

RAS - Rede de Atencao a Saude

SGTLT2 - Inibidor do Cotransportador soédio-glicose 2

SUS - Sistema Unico de Satde

VEGF - Agentes Inibidores do Fator de Crescimento Endotelial Vascular
VIGITEL - Vigilancia de Fatores de Risco e Protecao para Doencas Crbnicas por

Inquérito Telefbnico


https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm

YLDs - Anos vividos com incapacidade (years of health life lost due disability)

WHO - World Health Organization



RESUMO

Introducéo: O diabetes mellitus tipo 2 € um importante problema de saude global. O
controle da glicemia, pressao arterial e tabagismo melhora o progndstico de individuos

com diabetes mellitus e reduz a chance de morte.

Objetivo: Avaliar o controle individual e combinado dos fatores de risco (glicemia,
pressdo arterial, colesterol LDL-c e ndo tabagismo) para complicacbes em adultos
brasileiros com diabetes conhecido na coorte ELSA-Brasil (primeiro artigo) e

caracterizar o risco de morte conforme esses fatores (segundo artigo).

Métodos: Foram realizados analises transversais (primeiro artigo) e longitudinais
(segundo artigo) de dados de participantes do Estudo Longitudinal Brasileiro de Saude
do Adulto, composto por aqueles que relataram diagndstico prévio de diabetes ou uso
de medicacao antidiabética. No primeiro artigo, baseado nos dados da onda 3 (visita de
2017 a 2019), consideramos hemoglobina glicada (HbAlc) <7% como controle
glicémico (alvo A); pressao arterial <140/90 mmHg (ou <130/80 mmHg em alto risco
cardiovascular) como controle da presséao arterial (alvo B) e LDL-c <100 mg/dl (ou <70
mg/dl em alto risco) como controle de LDL-c (alvo C), de acordo com as diretrizes da
American Diabetes Association (ADA) de 2022. Realizamos modelos de regressao de
Poisson com variancia robusta para ajustar associagcbes para fatores
sociodemogréficos e clinicos. No segundo artigo, acompanhamos os participantes do
Estudo Longitudinal Brasileiro de Saude do Adulto com diabetes autorreferido, apurado
por diagnéstico médico autorreferido ou uso de medicamentos, no periodo de 2008 a
2019. Definimos o controle de glicose, pressao arterial e colesterol (LDL-c) de acordo
com as diretrizes da ADA de 2022. Nossa vigilancia telefénica anual identificou 6bitos
gue foram confirmados por registros hospitalares e atestados de 6bito. Em seguida,
aplicamos modelos de riscos proporcionais de mortalidade de Cox para ajustar

associagdes com controle para idade, sexo e outras covariaveis relevantes.

Resultados: No primeiro artigo, dos 2.062 participantes com diabetes conhecido, 1.000
(48,5%) eram homens, 1.217 (59,0%) tinham idade entre 45 e 64 anos, 961 (46,6%)
eram autodeclarados brancos e 1.068 (51,8%) tinham ensino superior completo. Além



disso, 1.380 (66,9%) relataram possuir plano de saude privado. HbAlc foi igual ou
abaixo do alvo em 1.364 (66,1%), presséo arterial em 1.596 (77,4%) e LDL-c em 1.086
(52,7%). No entanto, apenas 590 (28,6%) participantes estavam dentro ou abaixo da
meta para todos os ABCs. As mulheres (RP=1,05; IC95% 1,00-1,11) e com plano de
saude privado (RP=1,15; 1IC95% 1,07-1,23) ou maior renda per capita (RP=1,19;
IC95% 1,06-1,34) foram mais propensos a atingir duas ou mais metas ABC em analises
ajustadas. No segundo artigo, dos 2.492 individuos com diabetes conhecido, 272
morreram. Em analises ajustadas por modelos de riscos proporcionais, 0 nivel de
HbAlc dentro do alvo conferiu maior protecdo (HR=0.62; 95% IC 0.47-0,81) contra
todas as causas de mortalidade, seguido por pressao arterial sistélica dentro do alvo
(HR=0.77; 95% IC 0.59 -0.99). O LDL-c dentro do alvo, no entanto, ndo (HR=1.38; 95%
IC 1.03-1.84). Alcancar duas ou mais metas do ABC reduziu o risco de mortalidade em
43% (HR = 0.57 a 0.63; 95% IC 0.38-0.99). Nao fumar também reduziu este risco
(HR=0.60; 95% CI 0.43-0.83).

Conclusao: Ha muito espaco para melhorias no controle desses fatores progndsticos
modificAveis. Fatores sociais desempenham um papel importante na determinacéo do
controle ABC do diabetes. Em termos de mortalidade, o controle inadequado da glicose
foi o mais forte preditor de morte, e o0 controle de glicose e pressao arterial sistolica
reduziu as mortes por diabetes, entretando o LDL-c ndo. Nao fumar também foi fator de
notavel importancia. O maior risco associado a manutencao do LDL-c dentro da meta

merece uma investigacao mais aprofundada.

Palavras-chave: Diabetes Mellitus, Fatores de Risco Cardiometabdlicos, Mortalidade,

Hemoglobina A Glicada, Hipertensao, Hipercoleserolemia, Tabagismo



ABSTRACT

Introduction: Type 2 diabetes mellitus is an important global health problem. The
control of blood glucose, blood pressure and smoking improves the prognosis of

individuals with diabetes mellitus and reduces the chance of death.

Objective: To evaluate the individual and combined control of risk factors (blood
glucose, blood pressure, cholesterol and non-smoking) for complications in Brazilian
adults with known diabetes in the ELSA-Brasil cohort (first article) and to characterize
the risk of death according to these factors ( second article).

Methods: Cross-sectional (first article) and longitudinal (second article) analyzes were
performed on data from participants in the Brazilian Longitudinal Study of Adult Health,
comprising those who reported a previous diagnosis of diabetes or use of antidiabetic
medication. In the first article, based on wave 3 data (visit from 2017 to 2019), we
considered glycated hemoglobin (HbAlc) <7% as glycemic control (target A); blood
pressure <140/90 mmHg (or <130/80 mmHg at high cardiovascular risk) as a blood
pressure control (target B) and LDL-c <100 mg/dl (or <70 mg/dl at high risk) as a control
of LDL-c (target C) according to the 2022 American Diabetes Association (ADA)
guidelines. We performed Poisson regression models with robust variance to adjust for
associations for sociodemographic and clinical factors. In the second article, we followed
the participants of the Brazilian Longitudinal Study of Adult Health with self-reported
diabetes, verified by self-reported medical diagnosis or use of medication, from 2008 to
2019. We defined glucose control, blood pressure and cholesterol (LDL-c) per 2022
ADA qguidelines. Our annual telephone surveillance identified deaths that were
confirmed by hospital records and death certificates. We then applied Cox proportional
hazards mortality models to adjust associations with controls for age, gender, and other

relevant covariates.

Results: In the first article, of the 2062 participants with known diabetes, 1000 (48.5%)
were men, 1217 (59.0%) were aged between 45 and 64 years, 961 (46.6%) were self-
declared white and 1068 (51 .8%) had completed higher education. In addition, 1,380
(66.9%) reported having a private health plan. HbAlc was at or below target in 1364
(66.1%), blood pressure in 1596 (77.4%) and LDL-c in 1086 (52.7%). However, only 590
(28.6%) participants were at or below the target for all ABCs. Women (PR=1.05; 95%ClI
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1.00-1.11) with private health insurance (PR=1.15; 95%CI 1.07-1.23) or higher per
capita income (PR=1.19; 95%CI 1.06-1.34) were more likely to achieve two or more
ABC goals in adjusted analyses. In the second article, of the 2,492 individuals with
known diabetes, 272 died. In analyzes adjusted by proportional hazards models, within-
target HbAlc level conferred the greatest protection (HR=0.62; 95% CI| 0.47-0.81)
against all-cause mortality, followed by within-target systolic blood pressure (HR =0.77;
95% CI 0.59 -0.99). On-target LDL-c, however, was not (HR=1.38; 95% CI 1.03-1.84).
Achieving two or more ABC goals reduced the risk of mortality by 43% (HR = 0.57 to
0.63; 95% CI 0.38 to 0.99). Not smoking also reduced this risk (HR=0.60; 95% CI 0.43-
0.83).

Conclusion: There is much room for improvement in controlling these modifiable
prognostic factors. Social factors play an important role in determining the ABC control
of diabetes. In terms of mortality, poor glucose control was the strongest predictor of
death, and controlling both glucose and systolic blood pressure reduced deaths from
diabetes, whereas LDL-c did not. Not smoking was also a factor of notable importance.
The greater risk associated with maintaining LDL-c within the target range deserves

further investigation.

Keywords: Diabetes Mellitus, Cardiometabolic Risk Factors, Mortality, Glycated

Hemoglobin A, Hypertension, Hypercholesterolemia, Smoking
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APRESENTACAO

Esse trabalho consiste na tese de doutorado intitulada “Controle Individual e
Combinado dos Fatores de Risco para Complicagbes em Diabetes e Associacao
com Mortalidade — ELSA-Brasil” que sera apresentada ao Programa de POs-
Graduacdo em Epidemiologia da Universidade Federal do Rio Grande do Sul, no dia

30/03/2023. O trabalho é apresentado em quatro partes, na ordem que segue:

1. Introducéo, Justificativa, Revisdo da Literatura, Objetivos

2. Artigo 1: Levels and Correlates of Risk Factor Control in Diabetes Mellitus —ELSA
Brasil

3. Artigo 2: Mortality in patients with type 2 diabetes according to achievement of
treatment goals: ELSA-Brasil Study

4. Consideracdes Finais
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INTRODUCAO

O diabetes mellitus € uma doenca crénica e complexa decorrente da falta
de insulina e/ou da incapacidade de insulina exercer adequadamente seus efeitos,
levando a hiperglicemia permanente e consequentemente multiplos danos ao
organismo. O diabetes é um problema de saude global e importante causa de
mortalidade e de morbidade (Global Burden of Metabolic Risk Factors for Chronic
Diseases Collaboration, 2014; Seuring et al., 2015). Nas Américas, em 2019, a taxa de
mortalidade padronizada por idade para diabetes mellitus tipo 2 foi 25% maior que a
média mundial (46,8 por 100.000) e os anos de vida ajustados para incapacidade
(DALYs) foram 29% maior do que a carga observada globalmente (1.875 DALYs por
100.000). No Brasil a diabetes que ja é uma importante causa de morte (sexta principal
causa de morte em 2019) possui perspectivas de piorar, tornando-se a 32 principal
causa até 2040 (Global Burden of Disease: GBD cause and risk summaries, 2019)
(GBD Compare | IHME Viz Hub, 2022). Os custos também séo altos, estimados em
média 29.2 bilhdes de ddlares internacionais com individuos com diabetes em nosso
pais (Sun et al., 2022).

Para reduzir a carga de doenca relacionada ao diabetes e prevenir a progressao
de complicaces, indica-se além do controle glicémico, a reducdo multifatorial de risco
(pressdo arterial, colesterol, ndo tabagismo) (American Diabetes Association
Professional Practice Committee, 2022a). Intervencdes para controlar a hiperglicemia,
hipertensdo e hipercolesterolemia, bem como para parar de fumar, demonstraram
produzir beneficios sustentados nas complicacdes vasculares, com reducdes nos
desfechos cardiovasculares, mortalidage cardiovascular e geral (Gaede et al., 2003a,
2008a). Em termos de mortalidade, pacientes com diabetes tipo 2 que possuem cinco
fatores de risco para complicagbes dentro as faixas-alvo parecem ter pouco ou nenhum
risco excessivo de morte por todas as causas (o risco de morrer foi de 6% maior
naqueles individuos com diabetes que alcancaram todos as metas de controle do que

em individuos sem diabetes) (Rawshani et al., 2018a).

Diretrizes, entre elas a American Diabetes Association (ADA) 2022, embora
recomendando individualizar o tratamento do paciente com diabetes, estabeleceu alvos
terapéuticos para os principais fatores de risco para complica¢des, também chamados

de alvos ABC, que no geral incluem (A) hemoglobina glicada (HbAlc) inferior a 7%, (B)
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presséo arterial <140/90 mmHg e (C) LDL-colesterol (LDL-c) < 100 mg/dl. O controle
mais rigido também foi sugerido para aqueles com doenca cardiovascular ou com alto
risco de desenvolvé-la (American Diabetes Association Professional Practice
Committee et al., 2022b). Dados populacionais, entretanto, vem demonstrando que bem
menos que 50% de individuos com diabetes alcancam estas metas (dos Reis et al.,
2021a),(Fang, M.; Wang, D.; Coresh, J.; Selvin, E., 2021), (Ji et al., 2013). No Brasil,
uma recente subamostra de uma pesquisa nacional probabilistica brasileira (PNS)
demonstrou que o controle de hiperglicemia, hipertensdo e hipercolesterolemia em
diabetes foi de apenas 12,5% (dos Reis et al., 2021a). No entanto, essa subamostra
carecia de poder estatistico para caracterizar os fatores associados a este controle, que

poderiam apontar caminhos para melhorar este quadro.

Tendo em vista a relevancia do controle multifatorial para prevencdo de
complicagbes e incerteza sobre fatores associados ao controle, buscamos analisar o
controle individual e combinado dos fatores de risco para complicacdes em diabetes
(alvos ABC) e sua a influéncia na mortalidade de participantes com diabetes do Estudo
Longitudinal da Saude do Adulto (ELSA-Brasil).
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REVISAO DA LITERATURA

Diabetes Mellitus

O termo diabetes descreve um grupo de distlrbios metabdlicos caracterizados e
identificados pela presenca de hiperglicemia na auséncia de tratamento. A fisiopatologia
€ heterogénea e inclui defeitos na secrecao de insulina, acdo da insulina, e disturbios
do metabolismo de carboidratos, gorduras e proteinas (American Diabetes Association,
2010) (Geneva: WHO;, 2006).

Classificacao do diabetes

A classificacdo do diabetes, em geral, € feita de acordo com 0s grupos
etiolégicos, embora tentativas de classificagdo progndstica para o desenvolvimento de
complicagbes estejam sendo desenvolvidas. (Geneva: WHO;, 2006) (Geneva: WHO;,
2011). O WHO Diagnosis and Classification of Diabetes inclui novos tipos de diabetes
(tipos hibridos de diabetes e diabetes nao classificavel) na sua classificacdo e aponta
que existe um conflito entre classificacdo clinica e etioldgica porque ainda existem
lacunas no conhecimento da etiologia e fisiopatologia da doenca (WHO About Diabetes,
2019). Abaixo, seguem as classificacOes adaptadas conforme as recomendacdes atuais
da WHO:

Diabetes Tipo 1: o diabetes tipo 1 € devido a destruicdo autoimune das células (3,
geralmente levando a deficiéncia absoluta de insulina, incluindo diabetes autoimune

latente da idade adulta.

Diabetes tipo 2: é devido a uma perda progressiva da secrecdo adequada de
insulina das células B frequentemente no contexto da resisténcia a insulina. O diabetes
tipo 2 é o tipo mais prevalente e é o foco do nosso estudo. Além de fatores genéticos, a
obesidade, baixos niveis de atividade fisica, entre outros habitos de vida, tais como
tabagismo e alimentacdo desequilibrada, sdo fatores de risco conhecidos para o
desenvolvimento de diabetes tipo 2 (Bellou et al., 2018; Sun et al., 2022). Os sintomas

sdo mais brandos que o tipo 1 e o inicio da doencga é muitas vezes insidioso.

Formas Hibridas: o WHO incluiu nessa categoria dois tipos de diabetes, o

diabetes autoimune com inicio tardio (LADA) e o diabetes tipo 2 com propensao a
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cetose, sendo a LADA frequentemente confundida com o diabetes tipo 2 em
decorréncia de seu aparecimento em adultos e de sua progressdo mais lenta, porém

apresenta autoanticorpos pancreaticos caracterizando sua etiologia autoimune.

Diabetes ndo-classificado: classificacao transitoria que ocorre especialmente em
jovens com obesidade em que a distingcéo entre tipo 1 e 2 pode ser mais dificil no inicio.

Outros tipos: a medida que um determinado processo patogénico é estabelecido,
0s casos identificados passam a ser classificados nessa categoria (diabetes

monogénico, doencas do pancreas exocrino, induzido por farmacos, entre outros).

Hiperglicemia detectada na gravidez: inclui o diabetes gestacional e o diabetes
detectada na gravidez.

Diagnéstico do diabetes

O diabetes pode ser diagnosticado laboratorialmente por trés exames: glicose de
jejum = 126 mg/dL, glicemia pds 2h sobrecarga = 200 mg/dL e hemoglobina glicada =
6.5% ou em pacientes com sintomas classicos de hiperglicemia (politria, polidipsia e
polifagia) ou crise hiperglicémica com uma glicose plasmatica aleatéria 2200 mg/dL. Se
os valores elevados forem detectados em pessoas assintomaticas, a repeticao do teste,
de preferéncia com o mesmo teste, é recomendada assim que possivel em um dia
subsequente para confirmar o diagnéstico. (Geneva: WHO;, 2006) (Geneva: WHO;,

2011)

Complicacbes do diabetes

A hiperglicemia crbénica do diabetes pode levar a danos em mudltiplos 6rgaos
resultando em diversas complicacbes. As complicacdes causadas pelo diabetes podem
ser agudas (cetoacidose diabética, estado hiperglicEmico hiperosmolar e hipoglicemia,
todas com grande potencial de gravidade) ou crénicas (micro e macrovasculares). Nas
complicagBes microvasculares esté a retinopatia, a qual € uma das principais causas de
cegueira e incapacidade visual, a nefropatia, que pode levar a faléncia renal, e a
neuropatia que pode levar a dor neuropatica, tontura por sintomas vasovagais
(neuropatia autondnica) e/ou perda de sensibilidade gerando o pé diabético que muitas

vezes evolui para amputacdes. J& nas complicagcdes macrovasculares, esta a doenga
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cardiovascular aterosclerética, infarto agudo do miocardio, acidente vascular cerebral,
entre outros (Geneva: WHO;, 2006). Outras complicagcdes também vém sendo
relacionadas ao diabetes como canceres (especialmente hepatico, de pancreas, de
ovario, colo retal, pulmonar, de bexiga e de mama), doencas infecciosas como a
tuberculose, transtornos do sistema nervoso, suicidio e transtornos degenerativos
(Gregg et al., 2018; Rao Kondapally Seshasai et al., 2011).(Tomic et al., 2022)

A prevencdo das complicacbes crbnicas € um dos objetivos principais do
tratamento do diabetes tanto na identificacdo quanto no controle de fatores de risco
para o desenvolvimento da doenca (através dos alvos ABC - Alc, pressao arterial e
colesterol LDL). O controle glicEmico, especialmente associado ao controle dos demais
fatores de risco pode minimizar os riscos de retinopatia, nefropatia e neuropatia tanto
no diabetes tipo 1 quanto no tipo 2, além de diminuir o risco de doencas
cardiovasculares (DCV), podendo estar associado a reducfes de até 50-76% nas taxas
de desenvolvimento e progressao de complicacdes microvasculares (Gaede et al.,
2008a).

Epidemiologia do Diabetes

Globalmente, a prevaléncia de diabetes aumentou nas ultimas quatro décadas, e
€ provavel que continue aumentando na maioria dos paises (NCD Risk Factor
Collaboration  (NCD-RisC), 2016). O aumento da prevaléncia resultou
predominantemente de um aumento da incidéncia da doenca, porém é dificil precisar
exatamente quais os fatores teriam causado o aumento da incidéncia. Contudo, é
consensual o entendimento de que mudancas estruturais que ocorreram na sociedade
produziram um ambiente com novos comportamentos e exposi¢cdes que, por sua vez,
propiciaram ganho de peso/obesidade e, em decorréncia, aumento na incidéncia de
diabetes tipo 2 (Popkin, 2015).

De acordo com a International Diabetes Federation (IDF), a prevaléncia global do
diabetes em pessoas de 20 a 79 anos em 2021 foi estimada em 10,5% (536,6 milhdes
de pessoas), com projecdes de aumentar para 12,2% (783,2 milhdes de pessoas) em
2045. Em 2021, a prevaléncia foi semelhante em homens e mulheres, maior nas faixas
etarias mais velhas, maior nas areas urbanas (12,1%) do que nas rurais (8,3%), € maior

nos paises de alta renda (11,1%) em comparagdo com os paises de baixa renda (5,5%)
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(Sun et al., 2022). O Brasil ocupou a sexta posi¢cao no ranking de niumero de casos do
diabetes, com 15.7 milhdes de pessoas acometidas pela doenga (Sun et al., 2022) na
faixa etaria de 20 a 79 anos com projecdo de aumentar para 23.2 milhdes em 2045
(Sun et al., 2022). A Vigilancia de Fatores de Risco e Protecéo para Doencas Cronicas
por Inquérito Telefénico (VIGITEL) em 2021 obteve estimativas semelhantes com 9,1%
de prevaléncia da doenca. Pessoas em desvantagens sociais, provavelmente em
funcdo das condi¢cdes desfavoraveis de vida, também frequentemente apresentaram
maior prevaléncia (Schmidt et al., 2014) além de menor cobertura de tratamentos
propostos, como demonstrado recentemente por um estudo abrangente de paises de
média e baixa renda que mostrou que menos de uma em cada dez pessoas com
diabetes em paises de menores condicbes socioecondmicas recebeu cobertura de

tratamento para diabetes baseado em diretrizes (Flood et al., 2021).

Morbidade e Mortalidade em Diabetes

A morbidade relacionada ao diabetes € alta, principalmente em decorréncia das
suas complicacdes (doenca arterial coronariana, doenca arterial periférica e doenca
cerebrovascular, pé diabético, retino e nefropatia). O diabetes também aumenta o risco
de desenvolver problemas de salude como deméncia, apneia do sono, cirrose,
infeccdes crbnicas (tuberculose e HIV) e, mais recentemente, descobriu-se que piora o
prognostico da Covid-19 (Lv et al., 2022). No diabetes tipo 2, o inicio da doenca é
muitas vezes insidioso e, por isto o diagndstico tende a ser tardio. Como resultado, as
complicacBes do diabetes podem estar presentes no momento do diagndstico (Harris et
al., 1992), e sua frequéncia aumenta ao longo do tempo. A multimorbidade do diabetes
€ onerosa e contribui para um pior prognéstico de eventos especificos (pneumonia,

trauma, entre OU'[I‘OS).

Em termos de morbidade, a incapacidade gerada pelo diabetes resultou em 66,3
milhdes (95% Ul 55,5-79,0) de anos de vida ajustados por incapacidade (DALYs —
disability-adjusted life years) globais em 2019 e foi responséavel por 2,6% (2,3-2,9) do
total de DALYs globais, correspondendo a mais de 35.2 milhGes de anos vividos com
incapacidade (YLDs), um aumento de 41.3% desde 2010 (Diabetes mellitus type 2 —
Level 4 cause, 2020; Vos et al., 2020). O Brasil apresenta taxas de DALYs mais altas
do que as mundiais (Duncan et al.,, 2017; GBD Compare | IHME Viz Hub, 2022),
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correspondendo a 3.92% (3.6-4.27) de DALYs em 2019 e 4.64% (4.0 — 5.4) de YLDs
(GBD Compare | IHME Viz Hub, 2022).

Em 2019, o diabetes ocupou o terceiro lugar entre as causas de mortalidade no
Brasil em ambos 0s sexos na faixa etéria de 60 a 90 anos (GBD Compare | IHME Viz
Hub, 2022). A maior parte das estatisticas de mortalidade em diabetes no Brasil se
baseia nas informacdes das declaracfes de Obito, que ndo capta toda a carga causada
pela doenca (Schmidt et al., 2015). Estima-se, a partir de calculos de fracdo atribuivel,
que cerca de 9% de todas as mortes ocorridas no Brasil em 2013 possam ser atribuidas
ao diabetes, sendo a proporgdo maior em homens (10.5%) do que em mulheres (7.2%)
(Bracco et al., 2020). A principal causa de morte é por doenca cardiovascular (34%)
seguida de cancer (20%), sendo o restante (46%) atribuido a doencas renais,
hepaticas, infecciosas e neurolégicas, muitas vezes diretamente associadas a

hiperglicemia (Gregg et al., 2018).

Custos em Saude

Os gastos em salude sao altos. Gastos diretos relacionados a doenca no mundo
foram estimados em 1,3 trilhdo de dolares, 1,8% do produto interno bruto (PIB) mundial
com proje¢cOes de aumento até 2030 (Bommer et al., 2018). Em nosso pais ndo é
diferente, um estudo conduzido com dados do Sistema Unico de Saude (SUS) no Brasil
entre 2008 e 2010 inferiu que de 8.1% a 12.2% das hospitalizacées nos servi¢cos de
salude publico eram devido ao diabetes sendo que o custo de cada hospitalizacao
variou de 1.302 a 1.315 reais. Dessas hospitaliza¢des, 10.3% eram devido diretamente
ao diabetes, 36.6% devido as complicacdes crbnicas associadas aos diabetes e 53.1%
ao excesso de internacdo em pacientes com diabetes devido a condicbes médicas
gerais (Rosa et al.,, 2014). Dados indicam custos da doenca em nosso pais de
aproximadamente 0,52% do PIB brasileiro e em 5,9% de todo o orcamento em saude
(Bahia et al., 2019; Rosa et al., 2018).

Prevencao da Morbimortalidade

A prevencdo da morbidade cardiovascular € uma prioridade importante para
pacientes com diabetes, especialmente o tipo 2. Dados de Framinghan Heart Study
mostraram que individuos com diabetes tém risco aumentado de desenvolver e morrer

de doenca cardiovascular aterosclerotica; em comparagdo com aqueles sem diabetes,
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as pessoas com diabetes diminuiram a expectativa de vida (seis a oito anos a menos)
(Franco et al., 2007). No momento do diagnostico do diabetes tipo 2, muitos pacientes
ja apresentam um ou mais fatores de risco para doenca macrovascular (obesidade,
hipertenséao, dislipidemia, tabagismo) e muitos apresentam evidéncias de aterosclerose
(infarto do miocardio passado), alteracdes isquémicas no eletrocardiograma, ou doenca
vascular periférica) (Tancredi et al., 2015).

Devido a relevancia do diabetes mellitus tipo 2 como problema de saude publica,
acOes destinadas a prevencdo da doenca e do surgimento ou retardo das complicacdes
cronicas vem sendo discutidas (Costa et al., 2017). No Brasil, o Plano de Acdes
Estratégicas para o Enfrentamento das Doencas Cronicas Ndo Transmissiveis 2011-
2022, do Ministério da Saude (MS), teve como objetivo preparar o Brasil para deter o
crescimento e enfrentar as DCNT, abordando os quatro principais grupos de doencas

(circulatérias, cancer, respiratorias cronicas e diabetes).

Alvos ABC - Alc, Pressao Arterial e Colesterol

O desenvolvimento de complicagcbes pode ser retardado com o0 manejo da
hiperglicemia, hipertenséo e dislipidemia (American Diabetes Association Professional
Practice Committee et al., 2022a). Da mesma forma, uma vez presentes, a progressao
dessas complicacBes pode ser retardada com as mesmas estratégias de manejo. Os
alvos terapéuticos recomendados pela ADA em 2022, também chamados de metas
ABC, para auxiliar nesse controle de fatores de risco, incluem (A) hemoglobina glicada
(HbAZXlc) inferior a 7%, (B) pressao arterial <140/90 mmHg e (C) LDL-colesterol (LDL-c)
< 100 mg/dl. Um controle mais rigido também é sugerido para aqueles com doenca
cardiovascular ou com alto risco de desenvolvé-la (American Diabetes Association
Professional Practice Committee et al., 2022b). A cessacao do tabagismo € fortemente
recomendada para os pacientes que fumam a medida que fumantes com diabetes (e
pessoas com diabetes expostas ao fumo) tém risco aumentado de DCV, morte
prematura, complicacées microvasculares e pior controle glicémico quando comparados
com n&o fumantes (Kar et al., 2016; Sliwinska-Mosson and Milnerowicz, 2017).

Apesar dessa consideravel heterogeneidade de beneficios na base de
evidéncias, as principais autoridades na Europa e nos Estados Unidos atualmente
recomendam tratamento cada vez mais intensivo. No entanto, eles sugerem que o

controle glicémico deve ser personalizado e recentemente tém focado mais na selecao
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da classe de medicamentos antidiabéticos prescritos (ElSayed et al., 2023a). A
European Society of Cardiology (ESC) e a European Association for the Study of
Diabetes (EASD) recomendam HbAlc <7% com excecOes individualizadas, presséo
arterial <130mmHg e LDL-c <100mg/dl, <70md/dL e <55mg/dL para risco moderado,
alto e muito alto de DCV (Cosentino et al., 2020). O Instituto Nacional de Exceléncia em
Saude e Cuidados do Reino Unido (NICE) recomenda HbAlc <7% com excec¢les
individualizadas (Type 2 diabetes in adults, 2015), presséao arterial <135/85 mmHg para
adultos com menos de 80 anos e <145/85 mmHg para adultos com 80 anos ou mais
(Hypertension in adults, 2022), e atorvastatina 20 mg para aqueles que tém 10% ou
mais de risco em 10 anos de desenvolver DCV (Cardiovascular disease, 2016).

Uma minoria de adultos com diabetes atinge todos os objetivos recomendados
para A1C, controle da presséo arterial e controle da dislipidemia (Ji et al., 2013). Em
estudos em diversos paises, 0 alcance de todas as metas do ABC sempre foi baixo.
Nos EUA, segundo a Pesquisa Nacional de Exames de Saude e Nutricdo (NHANES),
22,2% dos individuos atingiram simultaneamente todas as trés metas (HbAlc <7%,
pressao arterial <140/90 mmHg e LDL-c <130 mg/dl) (Fang, M.; Wang, D.; Coresh, J.;
Selvin, E., 2021). No NHANES coreano, com uma meta mais rigorosa para controle
glicémico (HbAlc <6,5%), e com metas de pressado arterial <140/85 mmHg e LDL-c
abaixo de 100 mg/dl, apenas 8,4% dos individuos atingiram os trés alvos (Kim, B.-Y.;
Won, J.C.; Lee, J.H.; Kim, H.-S.; Park, J.H.; Ha, K.H.; Won, K.C.; Kim, D.J.; Park, K.S.,
2019), sendo necessarios esfor¢cos renovados para implementar estratégias de reducao
de fatores de risco multifatoriais e aumentar a adesdo ao tratamento no curso do

diabetes tipo 2.

No Brasil, o alcance de todas as metas ABC também é baixo. Um estudo da
Pesquisa Nacional de Saude (PNS) 2013 (dos Reis et al., 2021a) mostrou que 46%
dos participantes alcancou a meta glicémica, 90,3% era ndo fumante (provavelmente
devido & implementacdo em longo prazo de multiplas e fortes politicas publicas contra
o tabaco no Brasil (Portes et al., 2018) e apenas 12,5% alcancou as trés metas

recomendadas para glicose, presséao arterial e colesterol.

Em 2023, as novas diretrizes da ADA publicadas forneceram limites mais rigidos
para pressao arterial (<130/80mmHg para todos) e LDL-c (<70mg/dl e, para aqueles
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com alto risco ou doenca cardiovascular clinica, <55md/dl) o que agrava ainda mais o
cenario de baixo alcance de metas terapéuticas, especialmente no Brasil (ElSayed et
al., 2023b).

Alvos ABC e Mortalidade em Diabetes

A magnitude do beneficio de mortalidade conferido pelo bom controle metabdlico

integral no diabetes néo é suficientemente conhecida, especialmente entre os pacientes
de paises de baixa e média renda (Mendivil et al., 2023). O controle intensivo de
multiplos fatores de risco de DCV foi demonstrado pelo Steno-2, que mostrou que o
tratamento intensivo produziu uma reducao relativa de 46% na mortes e redugédo de
57% nas de causa cardiovascular (Gaede et al., 2008b). Em 2018, em um estudo
sueco, pacientes com diabetes tipo 2 que tinham cinco fatores de risco para
complicacBes dentro as faixas-alvo pareciam ter pouco ou nenhum risco excessivo de
morte por todas as causas. Neste estudo como no nosso, um nivel de hemoglobina
glicada fora da faixa-alvo foi o preditor mais forte de risco (Rawshani et al., 2018b).
No entanto, a meta-analise de ensaios semelhantes ao Steno-2 mostrou apenas 18%
de reducao relativa na mortalidade por todas as causas e uma reducdo de 28% nas
mortes cardiovasculares (Seidu et al., 2016). Além disso, o beneficio € menos certo em
pacientes mais idosos. Um julgamento japonés visando HbAlc <6,9%, presséao arterial
sistélica <130 mmHg, LDL-c <100 mg/dl, entre outros alvos, em 1.173 pacientes com
idade média de 72 anos, ndao encontrou beneficio do tratamento intensificador (Araki et
al., 2012). Mais recentemente um estudo de coorte colombiano mostrou que o controle
sustentado de pressao arterial, hemoglobina glicada e LDL-c teve fortes associacdes
protetores contra a mortalidade geral em diabetes (Presséo Arterial Sistélica OR=0,42
[0,41-0,43]; HbAlc OR=0,25 [0,24-0,26]; LDLc OR=0,28 [0,27-0,29]) teve fortes
associagdes negativas com a morte (Mendivil et al., 2023).

LDL-c e Mortalidade em Diabetes

N&o ha duvida de que a redugdo do LDL-c em individuos com diabetes e DCV
conhecida como prevencdo secundaria é benéfica. No entanto, ensaios clinicos de
reducdo de LDL-c para prevencdo primaria de DCV em diabetes, embora geralmente
incluissem pacientes com maior risco de DCV do que aqueles com diabetes em geral
(Colhoun et al., 2004) (Gazi and Mikhailidis, 2006) (Gupta et al., 2018) demonstraram
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apenas um pequeno beneficio, ou uma reducdo ndo estatisticamente significativa na
mortalidade por todas as causas (de Vries et al., 2012) ou ainda auséncia de beneficio
(Chen et al., 2012) Além disso, estudos observacionais do mundo real, menos focados
em pacientes com risco cardiovascular mais alto, demonstram que os niveis de LDL-c
de menor mortalidade sdo acima de 100 mg/dl., tanto no diabetes (Chiang et al., 2014)
(McEwen et al., 2007), quanto na populacdo em geral (Liu et al., 2021), especialmente
em individuos mais velhos (Ravnskov et al.,, 2016). Estes achados colocam que as
recomendacdes de colocar LDL-c em niveis abaixo e frequentemente bem abaixo de
100 mg/dl precisam de maior esclarecimento. Niveis baixo de LDL-c nesses estudos
identificam pessoas com uma pior saude na linha de base dos estudos ou sdo um
verdadeiro fator de risco para complicacdes e morte? (Chiang et al., 2014; Johannesen
et al., 2020; Ranieri et al., 1998)

Cuidado em diabetes

O diabetes acarreta um estresse enorme ao paciente e a sua familia e essa
carga se eleva quando sdo consideradas as margens de mudancas necessérias na
rotina diaria, situacao financeira e social (Hood et al., 2016). Muitos pacientes com
diabetes ndo recebem os niveis recomendados de cuidados de saude, incluindo
pacientes idosos, dificuldades com o idioma, dificuldades financeiras ou comorbidades
complexas, e aqueles de paises com menos recursos para controlar o diabetes
(Fernandez et al., 2011). A compreensao dos fatores sociais envolvidos no processo
saude-doenca do diabetes é fundamental para elaborarmos uma linha de cuidados
adequada. De acordo com a American Heart Association (AHA), os cuidados clinicos e
o tratamento s&o responsaveis por 10% a 20% dos contribuintes modificaveis para os
resultados de saude. Os outros 80% a 90% sédo os determinantes sociais da saude, que
incluem comportamentos relacionados a saude, fatores socioeconémicos (educacéo,
emprego, renda, segurangca na comunidade e suporte social/familiar), fatores
ambientais (poluicdo atmosférica, transito) e racismo, todos reconhecidos por terem um
impacto profundo nas doencas cardiovasculares e diabetes (Hood et al., 2016; Joseph
et al., 2022).

No Brasil, a fim de padronizar e integrar acdes para o tratamento de pessoas

com diabetes mellitus no Sistema Unico de Saude (SUS), o governo criou a Linhas de
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Cuidado, projeto do Ministério da Saude que orienta o caminho que o paciente deve
percorrer e os cuidados e encaminhamentos que as equipes devem prescrever no
atendimento. Além disso, as Linhas de Cuidado trazem informacdes relativas as acbes
e atividades de promocao, prevencao, tratamento e reabilitacdo a serem desenvolvidas

por equipe multidisciplinar em cada servigco de saude (Ministério da Saude., 2021).

Sendo assim, a implementacdo de acdes destinadas a obter maior controle no
nivel do sistema de saude, apoiadas por maior rastreamento e feedback dos cuidados,
€ vidvel no nosso sistema Unico de saude devido aos avancos da tecnologia da
informacdao e ja foi feito em outros ambientes. A implantacdo e expansao de um registro
de diabetes orientando o atendimento ao paciente em varios paises asiaticos produziu
melhora no controle de todos os ABCs. Em Hong Kong, a implementacdo de um
registro de diabetes com feedback para o paciente e seus cuidadores a cerca de seu
estado de saude e plano de cuidados, foi acompanhada por uma reducao de 40% nas
complicacBes cardiovasculares ou microvasculares e uma reducdo de 66% na
mortalidade por todas as causas, (Ng et al., 2018a). Foi adicionalmente estimado de ter

gerado economia de custos (Jiao et al., 2018a).
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OBJETIVOS

Objetivo Geral

- Avaliar o controle individual e combinado dos fatores de risco para complicacdes em
diabetes (alvos ABC) e sua associacdo com a mortalidade em participantes do ELSA-

Brasil com diabetes mellitus tipo 2.

Objetivos Especificos

- Caracterizar o controle de glicemia, pressao arterial, colesterol e tabagismo nos
participantes com diabetes mellitus no estudo ELSA — Brasil, de acordo com seu risco
cardiovascular.

- Avaliar associacdes entre os niveis de controle de glicémico, pressado arterial,
colesterol e tabagismo com variaveis sécio demograficas e clinicas.

- Contrastar os resultados de nossa amostra com as recomendacdes da Associacao
Americana de Diabetes (ADA, 2022) e com estudos populacionais brasileiros e
latinoamericanos que por ventura ja tenham sido publicados.

- Estimar o risco de morte por todas as causas de acordo com o controle desses fatores

em participantes com diabetes mellitus tipo 2 no estudo ELSA-Brasil.
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RESUMO ARTIGO 1

Introducdo: O controle da glicemia, pressao arterial e tabagismoé reconhecido
como fundamental para melhorar o prognéstico de individuos com diabetes
mellitus. Nosso objetivo foi avaliar o nivel de controle desses fatores de risco
em adultos brasileiros com diabetes conhecido e avaliar correlacdes com

variaveis sociodemograficas e clinicas.

Métodos: Amostra transversal do Estudo Longitudinal Brasileiro de Saude do
Adulto, composta por participantes que referiram diagndstico prévio de diabetes
ou uso de medicacdo antidiabética. Medimos a hemoglobina glicada (HbAlc) e
o LDL-colesterol em um laboratorio central e a pressédo arterial seguindo
protocolos padronizados. Definimos HbAlc <7% como controle de glicose (alvo
A); pressao arterial <140/90 mmHg (ou <130/80 mmHg em alto risco
cardiovascular) como controle da presséao arterial (alvo B) e LDL-c <100 mg/dl
(ou <70 mg/dl em alto risco) como alvo de colesterol (alvo C), de acordo com as

diretrizes de 2022 da American Diabetes Association.

Resultados: Entre 2.062 individuos com diabetes, 1.364 (66,1%) atingiram a
meta A, 1.596 (77,4%) a meta B e 1.086 (52,7%) a meta C; apenas 590 (28,6%)
alcancaram todas as trés metas. Ao considerar também a meta de néo fumar,
aqueles que atingiram todas as metas cairam para 555 (26,9%). Mulheres
(PR=1,13; 1C95% 1,07-1,20), com idade >74 (PR=1,20; 1C95% 1,08-1,34) e
com maior renda per capita (por exemplo, maior renda PR=1,26; IC95% 1,10-
1,45) tiveram maior probabilidade de atingir o controle da glicose. Agueles
negros (PR = 0,91; IC 95% 0,83-1,00) ou com diabetes de longa duracéo (por
exemplo, > 10 anos PR = 0,43; IC 95% 0,39-0,47) eram menos provaveis. As
mulheres (RP=1,05; IC95% 1,00-1,11) e aquelas com plano de saude privado
(RP=1,15; 1C95% 1,07-1,23) tiveram maior chance de atingir duas ou mais
metas do ABC; e os negros (PR=0,86; IC 95% 0,79-0,94) e com diabetes de
longa duragéo (por exemplo, >10 anos desde o diagnostico de diabetes,
PR=0,68; IC 95% 0,63-0,73) tiveram menor chances de alcancar duas ou mais
metas do ABC.
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Concluséo: O controle das metas do ABC foi ruim, notadamente para o LDL-c
e principalmente quando se considera o controle combinado. Indicadores de

situacdo social desfavorecida associaram-se a controle menos frequente.
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Abstract

BACKGROUND: Control of glucose, blood pressure, cholesterol, and smoking improves
the prognosis of individuals with diabetes mellitus. Our objective was to assess the level of
control of these risk factors in Brazilian adults with known diabetes and evaluate correlates of
target achievement.

METHODS: Cross-sectional sample of the Brazilian Longitudinal Study of Adult Health,
composed of participants reporting a previous diagnosis of diabetes or the use oof antidiabetic
medication. We measured glycated hemoglobin (HbAlc) and LDL-cholesterol at a central
laboratory and blood pressure following standardized protocols. We defined HbAlc <7% as
glucose control (target A); blood pressure <140/90 mmHg (or <130/80 mmHg in high
cardiovascular risk) as blood pressure control (target B), and LDL-c <100 mg/dl (or <70 mg/dl in
high risk) as lipid control (target C), according to the 2022 American Diabetes Association
guidelines.

RESULTS: Among 2062 individuals with diabetes, 1364 (66.1%) reached target A, 1596
(77.4%) target B, and 1086 (52.7%) target C; only 590 (28.6%) achieved all three targets. When
also considering a non-smoking target, those achieving all targets dropped to 555 (26.9%).
Women (PR=1.13; 95%CI 1.07-1.20), those aged >74 (PR=1.20; 95%CI 1.08-1.34), and those
with greater per capita income (e.g., greatest income PR=1.26; 95%CI 1.10-1.45) were more
likely to reach glucose control. Those black (PR=0.91; 95%CI| 0.83-1.00) or with a longer
duration of diabetes (e.g., >10 years PR=0.43; 95%CI 0.39-0.47) were less likely. Women
(PR=1.05; 95%CI 1.00-1.11) and those with private health insurance (PR=1.15; 95%CI 1.07-
1.23) were more likely to achieve two or more ABC targets; and those black (PR=0.86; 95%CI
0.79-0.94) and with a longer duration of diabetes (e.g., >10 years since diabetes diagnosis,
PR=0.68; 95%CI 0.63-0.73) less likely.

CONCLUSION: Control of ABC targets was poor, notably for LDL-c and especially when
considering combined control. Indicators of a disadvantaged social situation were associated

with less frequent control.
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Introduction

Diabetes mellitus is a chronic and complex disease that requires continuous medical care.
In addition to adequate glycemic control, multifactorial risk reduction is indicated (American
Diabetes Association Professional Practice Committee, 2022b). In clinical trial settings,
interventions to control hyperglycemia, hypertension, and hypercholesterolemia, as well as to
stop smoking, have been shown to produce sustained benefits in vascular complications, with
major reductions in cardiovascular outcomes (2,3). Additionally, the risk of dying is only 6%
greater in those at or below targets than in individuals without diabetes (Rawshani et al., 2018c).

Recommended therapeutic targets, also called the ABC goals, usually include (A) glycated
hemoglobin (HbAlc) less than 7%, (B) a blood pressure <140/90 mmHg, and (C) LDL-
cholesterol (LDL-c) <100 mg/dl. Tighter control has also been suggested for those with
cardiovascular disease or at high risk of developing it (American Diabetes Association
Professional Practice Committee et al., 2022b). Additionally, non-smoking is an important goal to
be achieved.

Studies demonstrating the control of multiple risk factors in diabetes are scarce in low- and
middle-income countries. Based on a small subsample of a probabilistic national Brazilian
survey, we demonstrated that target achievement is usually poor, except for non-smoking (dos
Reis et al., 2021b). However, that study lacked statistical power to assess the factors related to
ABC control. Therefore, we sought to analyze the Longitudinal Study of Adult Health (ELSA-
Brasil) to explore these associations. This large ongoing occupational cohort study enrolled
15105 adults in 6 capital cities from 2008 to 2010. We aimed to assess the level of control of
blood glucose, blood pressure, lipids, and smoking habits of ELSA-Brasil participants with known

diabetes mellitus and to evaluate correlates of target achievement.
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Methods

Study population and ethics

We conducted a cross-sectional study based on the third clinic visit (2017-2019) of ELSA-Brasil.
The study was approved by the research ethics committees of participating institutions, and all
participants gave their written informed consent. The ELSA-Brasil cohort enrolled 15,105 in-
service or retired civil servants aged 35 to 74 at six public institutions of higher education located
in capital cities of the states of Bahia, Espirito Santo, Minas Gerais, Rio de Janeiro, Sdo Paulo,
and Rio Grande do Sul (Aquino et al., 2012). We included all participants returning for the 2017-
2019 clinic visit with self-report of and/or pharmacologic treatment for diabetes. We excluded

those who did not have all measures necessary to assess whether targets were achieved.

Measurements

Centrally trained and certified teams conducted standardized interviews and clinical
assessments and collected samples for biochemical tests (Bensenor et al., 2013a). We obtained
data on age, sex, self-declared race, history of a medical diagnosis of diabetes, duration of
diabetes, and depressive episodes by questionnaire. Physical activity was obtained by leisure-
time physical activity and categorized as (1) high >1500 MET-minutes/week, (2) moderate (600-
1499 MET-minutes/week, and (3) low (<600 MET-minutes/week).

Medication use was confirmed by packaging or prescriptions brought to the clinic. Blood
pressure was measured three times, and systolic and diastolic blood pressure each was
ascertained as the mean of the last two measurements. We assessed weight and height using a
standardized protocol and calculated body mass index (BMI) as weight/height® (kg/m?).

We obtained blood samples after an overnight (>8h) fast and froze and shipped them to
a central laboratory for determination. Plasma glucose was measured using the hexokinase
method (Cobas ¢501 , Roche Diagnostics), HbAlc by high-pressure chromatography (HPLC -
Bio-Rad Laboratories, Hercules, CA, USA), total cholesterol by enzymatic colorimetric method,

and triglycerides by glycerol-phosphate peroxidase (Cobas c¢501-, Roche Diagnostics). Low-
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density cholesterol (LDL-c) was estimated by the Friedewald equation when total triglycerides
were <400mg/dl and measured directly when they were >400 mg/dl.

Ten-year risk of a major cardiovascular event (myocardial infarction, stroke, or
cardiovascular death) was estimated based on age, sex, diabetes, smoking, systolic blood
pressure, and total cholesterol according to the WHO Risk Chart Working Group chart for the
Tropical Latin America region (WHO CVD Risk Chart Working Group, 2019a). We categorized
this estimated risk as high (>20%) or low.

In line with the 2022 American Diabetes Association (ADA) guidelines for therapeutic
targets (American Diabetes Association Professional Practice Committee, 2022c), we
considered glucose control to be adequate when HbAlc was less than 7%. For those without
high cardiovascular risk, we considered blood pressure <140/90 mmHg and LDL-c <100 mg/dl
as meeting targets (American Diabetes Association Professional Practice Committee et al.,
2022b); and for those with high risk or clinical cardiovascular disease, <130/80 mmHg and <70

mg/dl, respectively (American Diabetes Association Professional Practice Committee, 2022c).

Statistical analyses

We described categorical variables as frequencies and percentages, and continuous ones as
means and standard deviations (SD). We performed unadjusted statistical testing with the chi-
square test for categorical and ANOVA for continuous variables. We analyzed the adjusted
associations of socio-demographic and clinical factors with the level of control using Poisson
regression with robust variance. We undertook all analyses with R software (RStudio, version

1.3. 1056, © 2009-2020 RStudio Inc.).

Results
Of the 15,105 participants at baseline, 550 had died, 123 had moved away, 217 were
not localized, 39 were too ill to attend clinic at visit 3 and 1540 did not attend this visit for other

reasons. Of the remaining 12,636 (83.7%) participants at visit 3, 2385 (18.9%) had a known
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diagnosis of diabetes. After excluding 323 participants with missing data on risk factor control or
covariates, 2062 remained.

Among these 2062 participants, 1000 (48.5%) were men, 1217 (59.0%) aged 45-64, 961
(46.6%) with self-declared white race/skin color, and 1068 (51.8%) with a complete university
education. Additionally, 1380 (66.9%) reported having private health insurance. Mean BMI was
29.6 (4.97) kg/m?, and 1812 (87.9%) individuals related use of an antidiabetic drug. (Table 1)

Figure 1, which presents the overlap in achieving goals, shows greater success in
achieving that of blood pressure and lesser success in achieving that of LDL-c, as well as no
particular pattern of clustering in the success of achieving more than one goal. Only 589 (28.6%)
achieved all three goals (center of the figure). As shown in Figures 1 and 2, HbAlc was at or
below target in 1364 (66.1%), blood pressure in 1596 (77.4%), and LDL-c in 1086 (52.7%).
Control was more frequent in those without high risk for CVD, reflecting the more rigorous
targets for those at high risk. Non-smokers comprised 1904 (92.3%) of the sample. However, all
ABCs were at or below target in only 590 (28.6%) participants and, when also considering non-
smoking as a target, in 555 (26.9%).

As further seen in Table 1, in crude comparisons, being a woman, older, white, and
having greater educational attainment, greater income, and private health insurance, as well as
having a shorter duration of diabetes were all associated with better glucose control.

As seen in crude comparisons in Table 2, several sociodemographic and clinical
characteristics, mostly the same as those seen in Table 1, were associated with a greater
number of ABC goals being reached — being white, having greater educational attainment,
greater income, and private health insurance, pursuing greater physical activity, having a lower

BMI and using antidiabetic medications.

As seen in Table 3, after adjustment for multiple potential confounders, women
(PR=1.13; 95%CI 1.07-1.20), those >74 years old (RR=1.20; 95%CI 1.08-1.34), and those with
greater income (e.g. for those with the highest income (PR 1.26. 95%CI 1.10-1.45) were more

likely to achieve the HbAlc goal, while those black (PR= 0.91; 95%CI 0.83-1.00) and with
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diabetes of longer duration (e.g. >10 years PR= 0.43; 95%CI 0.39-0.47) less likely. In terms of
ABC goals, women (PR=1.05; 95%CI 1.00-1.11) and those with private health insurance
(PR=1.15; 95%CI 1.07-1.23) and with higher per capita income (e.g. for those with highest
income PR=1.19; 95%CI1.06-1.34) had a greater probability of meeting two or more ABC goals.
On the other hand, those black (PR=0.86; 95%CI 0.79-0.94), with greater body mass index
(PR=0.96; 95%CI 0.94-0.99), and with a longer duration of diabetes (e.g. >10 years PR=0.68;

95%CI 0.63-0.73) were less likely to achieve two or more of the goals.

Discussion

In this free-living sample of 2063 Brazilian adults with known diabetes, HbAlc was
controlled in more than half of the sample (66.1%), as were blood pressure (77.4%) and LDL-c
(52.6%). However, only 28.6% of participants had all three factors controlled. Some indicators of
greater social privilege (white ethnicity, higher income, and access to private health insurance)
are associated with meeting targets.

The fraction of individuals reaching glycemic, blood pressure, and LDL-c goals in the
ELSA-Brasil cohort was greater than that seen in the 2013 Brazilian National Health Survey (6):
66.1% in ELSA-Brasil vs 46% in the national survey when using identical control cutoffs for
targets. Attainment of all three ABC goals in ELSA-Brasil participants was also greater than in
this Brazilian National Health Survey (28.6% vs 12.5%). Consonant with the high estimates of
non-smoking in Brazilian adults in general, achievement of the non-smoking target was similar in
both studies (92.3% vs 90.3%) and higher than that found in other surveys (25) (Fang et al.,
2021). This achievement results from the long-term implementation of multiple, strong public
policies against tobacco (Portes et al., 2018) in Brazil.

In studies in diverse countries, attainment of all ABC goals was always low. In the US
NHANES, 22.2% of individuals simultaneously achieved all three targets (HbAlc <7%, blood
pressure <140/90 mmHg, and non-high-density lipoprotein cholesterol <130 mg/dl) (Kim, B.-Y.;

Won, J.C.; Lee, J.H.; Kim, H.-S.; Park, J.H.; Ha, K.H.; Won, K.C.; Kim, D.J.; Park, K.S., n.d.). In
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the Korean NHANES, with a more stringent target for glycemic control (HbAlc <6.5%), and with
targets of blood pressure <140/85 mmHg, and LDL-C below 100 mg/dl, only 8.4% of subjects
reached all three targets (Kim et al., 2019). In a study in nine Latin American countries, glycemic
control was also lower (43.5%) than that described here (Control of Type 2 Diabetes Mellitus
among General Practitioners in Private Practice in Nine Countries of Latin America. Rev.
Panam. Salud Publica 2007, 22, 12-20., n.d.). Our findings thus complement those already
present in the literature, showing the current difficulty faced by diabetic patients in achieving
desired levels of the principal factors affecting their prognosis which are modifiable at the
individual level.

We found several characteristics that identified those not reaching targets for
hyperglycemia and the ABC goals. As expected, a greater duration of diabetes was one. A
higher BMI was marginally associated with a lesser frequency of control. Women were more
frequently in glycemic control and achieved greater ABC control. The additional factors
associated with worse control — being non-white, with lower income, and not having private
health insurance, all point to better control being in part the result of social privilege.

Similarly, a representative survey of adults with diabetes showed that private health
insurance led to their receiving better quality primary care, as measured by the cardinal
attributes of quality primary care, especially access. Greater access to care provides a logical
pathway linking this insurance to better control (Silva et al., 2016). A multicenter Brazilian study
of hospital outpatients showed that multi-professional care and having had diabetes education
as well as disease of lesser duration significantly associated with improved glycemic control
(Prevalence and Correlates of Inadequate Glycaemic Control: Results from a Nationwide Survey
in 6,671 Adults with Diabetes in Brazil. Acta Diabetol. 2010, 47, 137-145., n.d.). Moréaes et al.,
evaluating only glycemic control at the baseline ELSA-Brasil visit, demonstrated similar
associations with socioeconomic factors (Moraes et al., 2020) as those we found here for overall
ABC target achievement.

Our study has limitations, principally that our sample is composed of active or retired civil
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servants, a socially privileged sample when compared to the general Brazilian population in
terms of educational achievement, income, and job stability among other factors. That we found
major socioeconomic determinants of control in this more privileged population only emphasizes
the likelihood of greater health disparities in achieving ABC targets in the general diabetic
population.

Strengths of our study include its free-living sample of participants obtained in multiple
cities across Brazil, different from many other studies which investigated less representative
inpatient or outpatient samples which will have both more comorbidities and, by their entry
criteria, better access to care. Additional strengths include ELSA’s careful and extensive
collection of factors examined, its standardized and centralized laboratory measurements, and
its sample size permitting adequate investigation of epidemiologically relevant associations.

As has been shown for health outcomes in general (Hood et al., 2016), the correlates of
control we found demonstrate the major role of social determinants of health in the ABCs of
diabetes control. As put forth by the American Heart Association, clinical care and treatment
account for 10% to 20% of the modifiable contributors to health outcomes. The other 80% to
90% are the social determinants of health, which include health-related behaviors,
socioeconomic factors, environmental factors, and racism, all recognized to have a profound
impact on cardiovascular disease and diabetes and their outcomes (Joseph et al., 2022). The
ADA also recently summarized what is known about the importance of social determinants (Hill-
Briggs et al., 2020). One implication from these findings is clear: though better control across the
board is necessary, improvement and greater resources for the care for people with diabetes in
the SUS, Brazil’s national health system should be a major goal if the aim is to improve control
in the overall population of those with diabetes in Brazil. The SUS covers the bulk of the
population and the majority of its underprivileged citizens. It also presents the advantage of
providing cost-effective, evidence-based protocols to achieve treatment goals.

These findings are particularly relevant now, as actions aimed to achieve greater control

at the health system level, supported by greater tracking and feedback of care, are now feasible
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given advances in information technology. The implementation and expansion of a diabetes
registry orienting patient care in several Asian countries produced improvement in control of all
the ABCs. In Hong Kong, a setting for which longer follow-up is available, the implementation of
the registry was accompanied by a 40% decrease in CVD or microvascular complications and a
66% decrease in all-cause mortality, (Ng et al., 2018b) and was additionally estimated to be
cost-saving. (Jiao et al., 2018b) In Brazil, advances in the integration of databases within the
national health system, which favors primary care and focuses resources on underprivileged
communities, offer great hope in this regard. In this scenario, our study, by expanding
knowledge of control of diabetes in Brazil and demonstrating the major role of socioeconomic
factors, contributes to future strategies for better control and health promotion of Brazilians with
diabetes. Future research can refine questions related to the relative benefit of greater control
across the board as opposed to focus on better control among those with worst baseline levels.

Additionally, issues of relaxed control, especially of HbAlc, in older patients and those
with greater morbidity and thus greater difficulty in managing multiple medications, are also
important (6. Glycemic Targets: Standards of Medical Care in Diabetes—2021 | Diabetes Care,
n.d.). The American Heart Association currently emphasizes a comprehensive approach to the
management of all cardiovascular risk factors in patients with diabetes, including glycemic, blood
pressure, lipid abnormalities, thrombotic risk, obesity, and smoking through applying lifestyle and
pharmacological approaches with proven benefit using a patient-centered approach. This latter
implies reframing clinical encounters to approach patients as people who live in families,
communities, and societies that must be considered in their cardiovascular risk management.
(American Diabetes Association Professional Practice Committee et al., 2022b) While the ideal
fraction of the diabetes population in control of all the ABCs, given these issues, is a question
that remains open for debate, certainly it is much greater than the current fraction.

In conclusion, control of ABC targets was poor, notably for LDL-c and especially when
considering combined control. Our findings reinforce that much room exists for improvement in

controlling these modifiable prognostic factors, notably LDL-c and especially when considering
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combined control. Less frequent control among those black, with lower income, and without
health insurance reinforces the role of social factors in the multicausal context of control of risk
factors for complications in diabetes. With due attention to social determinants and focusing on
better integration of health system data to evaluate and orient patient care, health systems and

clinicians can and should strive to implement better care for people with diabetes.
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Table 1 - Sociodemographic and clinical characteristics of individuals with known diabetes according to

levels of glycated hemoglobin (HbA1c) — ELSA-Brasil, 2017-2019. N=2062
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HbAlc
Overall <7% 7%t0<8% 8% to<9% >9% p*
All 2062 (100) 1364 (66.1) 275(13.3) 172(8.34) 251 (12.1)
Sex <0.001
Men 1000 (48.5) 616 (45.2) 157 (57.1) 4(54.7) 133 (53.0)
Women 1062 (51.5) 748 (54.8) 118 (42.9)  78(45.3) 118 (47.0)

Age (years), M(SD) 0.003
> 44 to0 <54 377 (18.3) 256 (18.8) 37 (13.5) 25(14.5) 59 (23.5)
>54to<64 840 (40.7) 549 (40.2) 104 (37.8) 77 (44.8) 110 (43.8)
>64to<74 659 (32.0) 422 (30.9) 108 (39.3) 8(33.7) 71(28.3)
> 74 186 (9.02)  137(10.0)  26(9.45) (6 98)  11(4.38)

Race <0.001

Black 423(20.5)  235(17.2)  74(269)  33(19.2)  81(32.3)
Pardo 583 (28.3) 378 (27.7) 71 (25.8) 59 (34.3) 75 (29.9)
White 961 (46.6) 682 (50.0) 117 (42.5) 73 (42.4) 89 (35.5)
Yellow/Indigenous 95 (4.61) 69 (5.06) 13 (4.73) 7 (4.07) 6(2.39)

Education <0.001
Less than University 994 (48.2) 562 (41.2) 156 (56.7) 109 (63.4) 167 (66.5)

University 1068 (51.8) 802 (58.8) 119 (43.3) 63 (36.6) 84 (33.5)

Private health insurance <0.001
Yes 1380(66.9) 972 (71.3) 172 (62.5) 112(65.1) 124 (49.4)

e e i
Less than 4 356 (17.3) 174 (12.8) 71(25.8) 6 (20.9) 75 (29.9)
From 4 to less than 8 760 (36.9) 489 (35.9) 89 (32.4) 2 (41.9) 110 (43.8)
From 8 to less than 12 375 (18.2) 250 (18.3) 55 (20.0) 3(19.2) 37(14.7)
From 12 to less than 16 214 (10.4) 171 (12.5) (7 64) 1(6.40)  11(4.38)
16 or more 357 (17.3) 280 (20.5) 9(14.2) 0(11.6) 18 (7.17)

BMI (kg/m?), M (SD) 29.6 (4.97) 29.5(4.97) 29.8(5.23) 29.5(4.37) 29.8(5.09) 0.671

Diabetes medication 0.521
Yes 1812 (87.9) 1201 (88.0) 238(86.5) 156(90.7) 217 (86.5)

WHO CVD risk
High CVD risk 53(2.57) 28 (2.05) 7 (2.55) 8 (4.65) 10 (3.98) 0.084

Years since diabetes diagnosis <0.001

0-1 352 (17.1) 346 (25.4) 1(0.36) 2 (1.16) 3(1.20)
1-10 1062 (51.5)  755(55.4) 133 (48.4) 64(37.2) 110 (43.8)
10+ 648 (31.4) 263 (19.3) 141 (51.3) 106 (61.6) 138(55.0)

n (%) unless otherwise indicated; M (SD)=Mean (Standard Deviation);
Except for the row “All”, percentages are for column totals.
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Yellow skin color refers to Asian ancestry.

* Chi-square test for categorical variables and ANOVA for continuous ones of statistical significance of the difference
in variable level or frequency across categories of HbA1c.

'SM=The monthly minimum wage was BRL 986.00 at the time of the study.

Table 2 - Socio-demographics and clinical characteristics of individuals with type 2 diabetes according to
the number of ABC goals reached. ELSA-Brasil, 2017-2019. N=2062

Goals Reached
Overall 0 lor2 3 p*
All 2062(100) 111 (5.4) 1360 (66.0) 589(28.6)
Sex
Ven 1000 (48.5) 60 (54.1) 655 (48.1) 285 (48.3) 0.483
Women 1062 (51.5) 51 (45.9) 706 (51.9) 305 (51.7)
Age (years), M (SD) 0.002
> 44 t0 < 54 377 (18.3) 13 (11.7) 273 (20.1) 91 (15.4)
>54to<64 840 (40.7) 44 (39.6) 568 (41.7) 228 (38.6)
>64to<74 659 (32.0) 47 (42.3) 407 (29.9) 205 (34.7)
> 74 186 (9.02) 7 (6.31) 113 (8.30) 66 (11.2)
Race <0.001
Black 423 (20.5) 38(34.2) 303 (22.3) 82 (13.9)
Pardo (mixed) 583 (28.3) 36(32.4) 389 (28.6) 158 (26.8)
White 961 (46.6) 33(29.7) 604 (44.4) 324 (54.9)
Yellow/Indigenous 95 (4.61) 4 (3.60) 65 (4.78) 26 (4.41)
Education <0.001
Less than University 994 (48.2) 81(73.0) 701 (51.5) 212 (35.9)
University 1068 (51.8) 30(27.0 660 (48.5) 378 (64.1)
Private health insurance
Ves 1380 (66.9) 48 (43.2) 876 (64.4) 456 (77.3) <0.001
e e i
Less than 4 356 (17.3) 37(33.3) 260 (19.1) 59 (10.0)
From 4 to less than 8 760 (36.9) 43 (38.7) 518 (38.1) 199 (33.7)
From 8 to less than 12 375 (18.2) 17 (15.3) 247 (18.1) 111 (18.8)
From 12 to less than 16 214 (10.4) 9(8.11) 127 (9.33) 78 (13.2)
16 or more 357 (17.3) 5 (4.50) 209 (15.4) 143 (24.2)
BMI (kg/m?), M (SD) 29.6 (4.97) 30.3(5.48) 29.5 (4.89) 29.6 (5.05) 0.245
Physical activity (MET-minutes/week)? 0.046
Low 1490 (72.3) 89 (80.2) 995 (73.1) 406 (68.8)
Moderate 453 (22.0) 20(18.0) 292 (21.5) 141 (23.9)
High 119 (5.77) 2 (1.80) 74 (5.44) 43 (7.29)
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Goals Reached
Overall 0 lor2 3 p*
Depressive episodes
Yp Ve ep! 107 (5.19) 6 (5.41) 74 (5.44) 27 (4.58) 0.729
es
Diabetes medication <0.001
Yes 1805 (87.5) 91 (82.0) 1172 (86.1) 541 (91.7)
Years since diabetes diagnosis <0.001
0-1 352 (17.1) 2 (1.80) 199 (14.6) 151 (25.6)
1-10 1062 (51.5) 54 (48.6) 699 (51.4) 309 (52.4)
10+ 648 (31.4) 55 (49.5) 463 (34.0) 130 (22.0)

n (%) unless otherwise indicated; M (SD)=Mean (Standard Deviation);

Except for the row “All”, percentages are for column totals.

Yellow skin color refers to Asian ancestry, physical activity refers to physical activity during leisure time;

* Chi-square test for categorical variables and ANOVA for continuous ones of statistical significance of the difference
in variable level or frequency across categories of HbA1c.

'SM=The monthly minimum wage was BRL 986.00 at the time of the study.

2High 1500 MET-minutes/week; moderate 600 MET-minutes/week; low less than 600 MET minutes/week

Table 3 — Adjusted* associations of selected population and clinical characteristics among individuals
with known type 2 diabetes. ELSA-Brasil, 2017-2019. N=2062

HbA1C< 7% Achieving 2 2 treatment goals**
Characteristic
PR (95% Cl) P PR (95% Cl) P

Sex (reference: Men)

Women 1.13(1.07-1.20) <0.001 1.05(1.00-1.11) 0.050
Age (years, reference: < 54)

>54to<64 1.03(0.95-1.11) 0.453 1.01(0.94-1.08) 0.836

>64to<74 1.08(0.99-1.17) 0.080 1.03(0.96-1.11) 0.415

>74 1.20(1.08-1.34) <0.001 1.02(0.91-1.04) 0.646
Race (reference: White)

Black 0.91(0.83-1.00) 0.041 0.86(0.79-0.94) <0.001

Pardo (mixed) 1.01(0.95-1.08) 0.701 0.95(0.90-1.02) 0.139

Yellow/Indigenous 1.05(0.93-1.19) 0.433 0.94(0.83-1.06) 0.307
Education (reference: University)

Less than University 0.94(0.86-1.01) 0.101 0.97(0.91-1.04) 0.419
Private health insurance (reference: No)

Yes 1.07(0.99-1.15) 0.083 1.15(1.07-1.23) <0.001
Per capita income (minimum wages/mo.
Reference: less than 4)'

4to<8 1.20(1.07-1.34) 0.002 1.12(1.01-1.23) 0.031

8to<12 1.16(1.02-1.32) 0.023 1.11(1.00-1.25) 0.061

12 to <16 1.27(1.11-1.45) 0.001 1.18(1.05-1.33) 0.007

>16 1.26(1.10-1.45) 0.001 1.19(1.06-1.34) 0.004
Body mass index (increase of 5 kg/m?) 0.97(0.95-1.00) 0.087 0.96(0.94-0.99) 0.012
Diabetes medication

Yes 1.03(0.94-1.12) 0.535 1.03(0.95-1.12) 0.507

Years since diabetes diagnosis (reference: 0-1)
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HbA1C < 7% Achieving 2 2 treatment goals**
Characteristic
PR (95% Cl) P PR (95% Cl) P
1-10 0.74(0.71-0.77) <0.001 0.87(0.82-0.91) 0.001
10+ 0.43(0.39-0.47) <0.001 0.68(0.63-0.73) <0.001

*through Poisson regression with robust variance for age, sex, educational achievement, race/skin color,
private health insurance, per capita income, diabetes medication, body mass index, and years since
diagnosis.

**Treatment goals: glucose, blood pressure and LDL-c

IMinimum wage: The monthly minimum wage was BRL 986.00 at the time of the study.

No goal achieved

5.3%

Figure 1 - Venn diagram showing the overlap in the attainment of treatment goals in individuals with self-
reported diabetes: HbAlc (A), blood pressure (B), and LDL-c (C). ELSA-Brasil, 2017-2019. N=2062
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Figure 2 - Percentual of attainment of each of the three treatment goals, with 95% confidence interval, of

non-smoking and of combinations of the goals among individuals with self-reported diabetes in Elsa-Brasil,
2017-2019. N=2062




RESUMO ARTIGO 2

Introducéo: O diabetes mellitus tipo 2 é um importante problema de saude global.
No Brasil, o diabetes foi a sexta causa de morte em 2019 e deve se tornar a 32

causa até 2040.

Objetivos: Caracterizar o risco de morte em participantes com diabetes tipo 2 em
uma grande coorte de adultos e idosos brasileiros de acordo com o alcance das
metas da American Diabetes Association para o controle da glicemia, hipertensao e

lipidios.

Métodos: Acompanhamos os participantes da coorte do Estudo Longitudinal
Brasileiro de Saude do Adulto com diabetes tipo 2 de 2008 a 2019. Verificamos o
diabetes por autorrelato e confirmamos pelo uso de medicamentos ou laboratério
alterado em qualquer visita clinica ou na vigilancia telefénica anual do estudo.
Medimos a pressado arterial e determinamos a hemoglobina glicada (HbAlc) e o
colesterol LDL em um laboratério central. Definimos controle para glicose como
HbAlc < 7% e para pressao arterial como <140/90 mmHg (ou <130/80 mmHg em
alto risco cardiovascular), e para LDL-c como <100 mg/dl (ou <70 mg/dl em alto
risco), de acordo com as diretrizes da American Diabetes Association de 2022 na
linha de base do estudo. Realizamos vigilancia telefénica anual para averiguar as
mortes incidentes por qualquer causa, confirmando-as por registos hospitalares e

certidoes de 6bito.

Resultados: Dos 2.492 individuos com diabetes conhecido, 272 morreram. Em
analises ajustadas por modelos de riscos proporcionais, o nivel de HbAlc dentro
do alvo conferiu maior prote¢cdo (HR=0.62; 95% IC 0.47-0,81) contra todas as
causas de mortalidade, seguido por pressao arterial sistolica dentro do alvo
(HR=0.77; 95% IC 0.59 -0.99). O LDL-c dentro do alvo, no entanto, ndo (HR=1.38;
95% IC 1.03-1.84). Alcancar duas ou mais metas do ABC reduziu o risco de
mortalidade em 43% (HR = 0.57 a 0.63; 95% IC 0.38-0.99).

Concluséao: O controle de glicose e presséao arterial, mas ndo o controle de LDL-c,
reduziu as mortes. Glicose e a pressao sanguinea dentro do alvo conferem
protecdo amplificada. O maior risco associado a manutencéo do LDL-c dentro da

meta merece uma investigacao mais aprofundada.

54



55



CONSIDERACOES FINAIS

O diabetes vem crescendo como epidemia e avangou silenciosamente durante a
pandemia do Covid-19. O Brasil vem se tornando destaque no ranking mundial do
diabetes, atras dos Estados Unidos, China, india e Paquistdo (Sun et al., 2022). O
diabetes é responsavel por reduzir a expectativa de vida de pessoas de meia idade e é
um dos principais fatores de risco para morte por doencas cardiacas, renais ou cancer
bem como uma das principais causas de cegueira e amputacdes (Tancredi et al., 2015).
A morbidade do diabetes e seus custos elevados sobrecarregam o custo de vida das
pessoas e familias, principalmente as menos favorecidas economicamente, para quem
0 acesso ao sistema de salde e a medicamentos é mais dificultoso (Bommer et al.,
2018). Na maioria das vezes a doenca também ¢é silenciosa e quando se descobre o
individuo j& pode possuir complicacdes no momento do diagnostico (Franco et al.,
2007).

De acordo com os principais resultados do primeiro artigo, dos 2.062
participantes com diabetes conhecido nos anos de 2017 a 2019, HbAlc foi igual ou
abaixo do alvo (HbAlc <7%) em 1.364 (66,1%), pressao arterial (<140/90 mmHg ou
<130/80 mmHg em alto risco cardiovascular) em 1.596 (77,4%) e LDL-c (LDL-c <100
mg/dl ou <70 mg/dl em alto risco) em 1.086 (52,7%) e apenas 590 (28,6%) participantes
estavam dentro ou abaixo da meta para todos os ABCs. Mulheres (RP=1,05; IC95%
1,00-1,11) e individuos com plano de saude privado (RP=1,15; 1C95% 1,07-1,23) ou
maior renda per capita (por exemplo, RP=1,19; IC95% 1,06-1,34) foram mais propensos
a atingir duas ou mais metas ABC em analises ajustadas.

Em nosso segundo artigo, dos 2492 participantes com diabetes conhecido
selecionados desde a linha de base até a onda 3, 272 (10.9%) foram a 6bito. Apds
ajustar as associacdes de fatores progndsticos modificaveis para covariaveis, menor
risco de Obito estava presente naqueles com HbA1c <7 (HR = 0,62; IC 95% 0,47-0,81),
que atingiram meta de presséo arterial sistolica menor que 140 mmHg (entre os de
baixo risco) e inferior a 130 mmHg (entre os de alto risco) (HR = 0,77; IC 95% 0,59-
0.99) e entre aqueles com 2 metas ABC alcan¢adas (HR = 0,57 a 0.63; IC 95% 0,38-
0,98). Em contraste, o maior risco estava presente principalmente quando HbA1c 29%
(HR = 2.05; IC 95% 1.41-2.98) e a presséo arterial sistélica 2160mmHg (HR = 1,50; IC
95% 1,05-2,14). No entanto, contrario ao esperado, aqueles que atingiram a meta

lipidica apresentaram risco aumentado nas analises bruta (HR=1,55; IC 95% 1,20-2,00)

87



e ajustada (HR = 1,61; IC 95% 1,20-2,16). O risco foi especialmente alto naqueles com
valores de LDL-c <70 mg/dl (FC ajustada = 2,14; IC 95% 1,44-3,18).

Os pontos fortes de nosso estudo incluem sua amostra contemporanea de
participantes residentes em varios locais do Brasil, sua coleta cuidadosa e extensa de
dados sobre esses fatores examinados, sua ampla caracterizagdo de covariaveis e
suas medicdes laboratoriais padronizadas e centralizadas. Ja as limitacfes residem
principalmente no fato de nossa amostra ser composta por servidores publicos ativos
ou aposentados, uma amostra socialmente privilegiada quando comparada a populacao
brasileira em geral.

Nossos achados reforcam a necessidade de melhorias no controle dos fatores de
risco modificaveis, principalmente de glicemia e pressdo arterial (metas ABC) em
termos de controle, demonstrando sua importancia na mortalidade geral em diabetes.
Estudos adicionais em diabetes sdo necessarios para entender a causa da associacao
inesperada de baixos niveis de LDL-c com a maior mortalidade geral em diabetes.
Estes achados colocam em questdo as recomendacdes de colocar os niveis de LDL-c
frequentemente bem abaixo de 100 mg/dl inclusive em individuos com diabetes de
baixo risco cardiovascular. Esperamos investigar essa relacdo com mais detalhes em
um futuro breve a fim de explicar se os baixos niveis de LDL-c relacionados com maior
risco de mortalidade geral representam um risco real ou seriam resultantes de doencas
subjacentes no inicio do estudo (Ranieri et al., 1998) (Poplawski et al., 2018) ou uma
pior saude na linha de base (Chiang et al., 2014; Johannesen et al., 2020). O ELSA-
Brasil tem informacfes adicionais sobre participantes com niveis baixos de LDL-c e
representa uma excelente oportunidade de investigar a questéo de nivel ideal de LDL-c

e pontos de corte para iniciar terapia para baixar o nivel de LDL-c.

88



89

REFERENCIAS BIBLIOGRAFICAS

6. Glycemic Targets: Standards of Medical Care in Diabetes—2021 | Diabetes Care.
n.d. https://care.diabetesjournals.org/content/44/Supplement_1/S73 (accessed March
13, 2021).

American Diabetes Association. Diagnosis and Classification of Diabetes Mellitus.
Diabetes Care 2010;33:S62-9. https://doi.org/10.2337/dc10-S062.

American Diabetes Association Professional Practice Committee. 5. Facilitating
Behavior Change and Well-being to Improve Health Outcomes: Standards of Medical
Care in Diabetes—2022. Diabetes Care 2022a;45:560-82.
https://doi.org/10.2337/dc22-S005.

American Diabetes Association Professional Practice Committee. 1. Improving Care
and Promoting Health in Populations: Standards of Medical Care in Diabetes—2022.
Diabetes Care 2022b;45:58-16. https://doi.org/10.2337/dc22-S001.

American Diabetes Association Professional Practice Committee. 10. Cardiovascular
Disease and Risk Management: Standards of Medical Care in Diabetes-2022. Diabetes
Care 2022c;45:5144—-74. https://doi.org/10.2337/dc22-S010.

American Diabetes Association Professional Practice Committee. 10. Cardiovascular
Disease and Risk Management: Standards of Medical Care in Diabetes-2022. Diabetes
Care 2022d;45:5S144-74. https://doi.org/10.2337/dc22-S010.

American Diabetes Association Professional Practice Committee, American Diabetes
Association Professional Practice Committee:, Draznin B, Aroda VR, Bakris G, Benson
G, et al. 4. Comprehensive Medical Evaluation and Assessment of Comorbidities:
Standards of Medical Care in Diabetes-2022. Diabetes Care 2022a;45:546-59.
https://doi.org/10.2337/dc22-S004.

American Diabetes Association Professional Practice Committee, Draznin B, Aroda
VR, Bakris G, Benson G, Brown FM, et al. 6. Glycemic Targets: Standards of Medical
Care in Diabetes-2022. Diabetes Care 2022b;45:5S83-96. https://doi.org/10.2337/dc22-
S006.

American Diabetes Association Professional Practice Committee, Draznin B, Aroda
VR, Bakris G, Benson G, Brown FM, et al. 6. Glycemic Targets: Standards of Medical
Care in Diabetes-2022. Diabetes Care 2022c¢;45:5S83-96. https://doi.org/10.2337/dc22-
S006.

Aquino EML, Barreto SM, Bensenor IM, Carvalho MS, Chor D, Duncan BB, et al.
Brazilian Longitudinal Study of Adult Health (ELSA-Brasil): objectives and design. Am J
Epidemiol 2012;175:315-24. https://doi.org/10.1093/aje/kwr294.

Araki A, limuro S, Sakurai T, Umegaki H, lijima K, Nakano H, et al. Long-term multiple
risk factor interventions in Japanese elderly diabetic patients: the Japanese Elderly
Diabetes Intervention Trial--study design, baseline characteristics and effects of
intervention. Geriatr Gerontol Int 2012;12 Suppl 1:7-17. https://doi.org/10.1111/j.1447-
0594.2011.00808.x.

Bahia LR, da Rosa MQM, Araujo DV, Correia MG, dos Rosa R dos S, Duncan BB, et
al. Economic burden of diabetes in Brazil in 2014. Diabetology & Metabolic Syndrome



90

2019;11:54. https://doi.org/10.1186/s13098-019-0448-4.

Barreto SM, Ladeira RM, Bastos M do SCB de O, Diniz M de FHS, Jesus EA de,
Kelles SMB, et al. [ELSA-Brasil strategies for outcome identification, investigation and
ascertainment]. Rev Saude Publica 2013;47 Suppl 2:79-86.
https://doi.org/10.1590/s0034-8910.2013047003836.

Bellou V, Belbasis L, Tzoulaki I, Evangelou E. Risk factors for type 2 diabetes mellitus:
An exposure-wide umbrella review of meta-analyses. PLoS One 2018;13:€0194127.
https://doi.org/10.1371/journal.pone.0194127.

Bensenor IM, Griep RH, Pinto KA, Faria CP de, Felishino-Mendes M, Caetano El, et al.
Routines of organization of clinical tests and interviews in the ELSA-Brasil investigation
center. Revista de Saude Publica 2013a;47:37-47. https://doi.org/10.1590/S0034-
8910.2013047003780.

Bensenor IM, Griep RH, Pinto KA, Faria CP de, Felisbino-Mendes M, Caetano El, et al.
Routines of organization of clinical tests and interviews in the ELSA-Brasil investigation
center. Revista de Salde Publica 2013b;47:37-47. https://doi.org/10.1590/S0034-
8910.2013047003780.

Bommer C, Sagalova V, Heesemann E, Manne-Goehler J, Atun R, Bérnighausen T, et
al. Global Economic Burden of Diabetes in Adults: Projections From 2015 to 2030.
Diabetes Care 2018;41:963-70. https://doi.org/10.2337/dc17-1962.

Bracco PA, Gregg EW, Rolka DB, Schmidt MI, Barreto SM, Lotufo PA, etal. A
nationwide analysis of the excess death attributable to diabetes in Brazil. J Glob Health
2020;10:010401. https://doi.org/10.7189/jogh.10.010401.

Cardiovascular disease: risk assessment and reduction, including lipid modification.
London: National Institute for Health and Care Excellence (NICE); 2016.

Chen Y-H, Feng B, Chen Z-W. Statins for primary prevention of cardiovascular and
cerebrovascular events in diabetic patients without established cardiovascular
diseases: a meta-analysis. Exp Clin Endocrinol Diabetes 2012;120:116-20.
https://doi.org/10.1055/s-0031-1297968.

Chiang H-H, Tseng F-Y, Wang C-Y, Chen C-L, Chen Y-C, See T-T, et al. All-Cause
Mortality in Patients with Type 2 Diabetes in Association with Achieved Hemoglobin
Alc, Systolic Blood Pressure, and Low-Density Lipoprotein Cholesterol Levels. PLoS
ONE 2014;9:€109501. https://doi.org/10.1371/journal.pone.0109501.

Cholesterol Treatment Trialists’ Collaboration. Efficacy and safety of statin therapy in
older people: a meta-analysis of individual participant data from 28 randomised
controlled trials. Lancet 2019;393:407-15. https://doi.org/10.1016/S0140-
6736(18)31942-1.

Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, Neil HAW, Livingstone SJ, et
al. Primary prevention of cardiovascular disease with atorvastatin in type 2 diabetes in
the Collaborative Atorvastatin Diabetes Study (CARDS): multicentre randomised
placebo-controlled trial. Lancet 2004;364:685—96. https://doi.org/10.1016/S0140-
6736(04)16895-5.

Control of Type 2 Diabetes Mellitus among General Practitioners in Private Practice in
Nine Countries of Latin America. Rev. Panam. Salud Publica 2007, 22, 12—20. n.d.



91

Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, et al. 2019 ESC
Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in
collaboration with the EASD. Eur Heart J 2020;41:255-323.
https://doi.org/10.1093/eurheartj/ehz486.

Diabetes mellitus type 2 — Level 4 cause. Institute for Health Metrics and Evaluation
2020. https://www.healthdata.org/results/gbd_summaries/2019/diabetes-mellitus-type-
2-level-4-cause (accessed July 9, 2022).

Duncan BB, Franca EB, Passos VM de A, Cousin E, Ishitani LH, Malta DC, et al. The
burden of diabetes and hyperglycemia in Brazil and its states: findings from the Global
Burden of Disease Study 2015. Rev Bras Epidemiol 2017;20:90-101.
https://doi.org/10.1590/1980-5497201700050008.

DUNCAN, B.B, SCHMIDT, M. |, GIUGLIANI, E.R.J. Medicina ambulatorial: condutas
de atencédo priméria baseadas em evidéncias. vol. volume 1. 5% edicdo. GrupoA; n.d.

ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al.
Summary of Revisions: Standards of Care in Diabetes-2023. Diabetes Care
20234a;46:S5-9. https://doi.org/10.2337/dc23-Srev.

ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. 10.
Cardiovascular Disease and Risk Management: Standards of Care in Diabetes-2023.
Diabetes Care 2023b;46:5158—90. https://doi.org/10.2337/dc23-S010.

ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al. 6.
Glycemic Targets: Standards of Care in Diabetes-2023. Diabetes Care 2023c;46:S97—
110. https://doi.org/10.2337/dc23-S006.

Fang, M.; Wang, D.; Coresh, J.; Selvin, E. Trends in Diabetes Treatment and Control in
U.S. Adults, 1999-2018. N.Engl. J.Med. 2021, 384, 2219-2228 2021.

Fang M, Wang D, Coresh J, Selvin E. Trends in Diabetes Treatment and Control in
U.S. Adults, 1999-2018. New England Journal of Medicine 2021;384:2219-28.
https://doi.org/10.1056/NEJMsa2032271.

Fernandez A, Schillinger D, Warton EM, Adler N, Moffet HH, Schenker Y, et al.
Language barriers, physician-patient language concordance, and glycemic control
among insured Latinos with diabetes: the Diabetes Study of Northern California
(DISTANCE). J Gen Intern Med 2011;26:170-6. https://doi.org/10.1007/s11606-010-
1507-6.

Flood D, Seiglie JA, Dunn M, Tschida S, Theilmann M, Marcus ME, et al. The state of
diabetes treatment coverage in 55 low-income and middle-income countries: a cross-
sectional study of nationally representative, individual-level data in 680 102 adults.
Lancet Healthy Longev 2021;2:e340-51. https://doi.org/10.1016/s2666-
7568(21)00089-1.

Franco OH, Steyerberg EW, Hu FB, Mackenbach J, Nusselder W. Associations of
diabetes mellitus with total life expectancy and life expectancy with and without
cardiovascular disease. Arch Intern Med 2007;167:1145-51.
https://doi.org/10.1001/archinte.167.11.1145.

Frank E Harrell Jr. Regression Modeling Strategies. Chapter 2.4 Relaxing Linearity
Assumption for Continuous Predictors. 2019.



Gaede P, Lund-Andersen H, Parving H-H, Pedersen O. Effect of a multifactorial
intervention on mortality in type 2 diabetes. N Engl J Med 2008a;358:580—-91.
https://doi.org/10.1056/NEJM0a0706245.

Gaede P, Lund-Andersen H, Parving H-H, Pedersen O. Effect of a multifactorial
intervention on mortality in type 2 diabetes. N Engl J Med 2008b;358:580-91.
https://doi.org/10.1056/NEJM0a0706245.

Gaede P, Lund-Andersen H, Parving H-H, Pedersen O. Effect of a multifactorial
intervention on mortality in type 2 diabetes. N Engl J Med 2008c;358:580-91.
https://doi.org/10.1056/NEJM0a0706245.

Gaede P, Vedel P, Larsen N, Jensen GVH, Parving H-H, Pedersen O. Multifactorial
intervention and cardiovascular disease in patients with type 2 diabetes. N Engl J Med
20034a;348:383-93. https://doi.org/10.1056/NEJM0a021778.

Gaede P, Vedel P, Larsen N, Jensen GVH, Parving H-H, Pedersen O. Multifactorial
intervention and cardiovascular disease in patients with type 2 diabetes. N Engl J Med
2003b;348:383-93. https://doi.org/10.1056/NEJM0a021778.

Gazi IF, Mikhailidis DP. Efficacy and safety of atorvastatin in the prevention of
cardiovascular end points in subjects with type 2 diabetes: the Atorvastatin Study for
Prevention of Coronary Heart Disease Endpoints in Non-Insulin-Dependent Diabetes
Mellitus (ASPEN): response to Knopp. Diabetes Care 2006;29:2561; author reply
2561-2562. https://doi.org/10.2337/dc06-1487.

GBD Compare | IHME Viz Hub. 2022. http://vizhub.healthdata.org/gbd-compare
(accessed June 18, 2022).

Gencer B, Marston NA, Im K, Cannon CP, Sever P, Keech A, et al. Efficacy and safety
of lowering LDL cholesterol in older patients: a systematic review and meta-analysis of
randomised controlled trials. The Lancet 2020;396:1637—43.
https://doi.org/10.1016/S0140-6736(20)32332-1.

Geneva: WHO; World Health Organization. Use of glycated haemoglobin (HbAlc) in
the diagnosis of diabetes mellitus: abbreviated report of a WHO consultation. Geneva:
WHO; 2011 2011.

Geneva: WHO; World Health Organization. Definition and diagnosis of diabetes
mellitus and intermediate hyperglycaemia: report of a WHO/IDF consulation 2006.

Global Burden of Disease: GBD cause and risk summaries. 2019.
https://www.thelancet.com/gbd/summaries (accessed June 30, 2022).

Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration.
Cardiovascular disease, chronic kidney disease, and diabetes mortality burden of
cardiometabolic risk factors from 1980 to 2010: a comparative risk assessment. Lancet
Diabetes Endocrinol 2014;2:634-47. https://doi.org/10.1016/S2213-8587(14)70102-0.

Gregg EW, Cheng YJ, Srinivasan M, Lin J, Geiss LS, Albright AL, et al. Trends in
cause-specific mortality among adults with and without diagnosed diabetes in the USA:
an epidemiological analysis of linked national survey and vital statistics data. Lancet
2018;391:2430-40. https://doi.org/10.1016/S0140-6736(18)30314-3.

Gupta A, Mackay J, Whitehouse A, Godec T, Collier T, Pocock S, et al. Long-term

92



93

mortality after blood pressure-lowering and lipid-lowering treatment in patients with
hypertension in the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT) Legacy
study: 16-year follow-up results of a randomised factorial trial. Lancet 2018;392:1127—
37. https://doi.org/10.1016/S0140-6736(18)31776-8.

Guzman-Vilca WC, Carrillo-Larco RM. Mortality attributable to type 2 diabetes mellitus
in Latin America and the Caribbean: a comparative risk assessment analysis. BMJ
Open Diabetes Res Care 2022;10:e002673. https://doi.org/10.1136/bmjdrc-2021-
002673.

Harris Ml, Klein R, Welborn TA, Knuiman MW. Onset of NIDDM occurs at least 4-7 yr
before clinical diagnosis. Diabetes Care 1992;15:815-9.
https://doi.org/10.2337/diacare.15.7.815.

Hill-Briggs F, Adler NE, Berkowitz SA, Chin MH, Gary-Webb TL, Navas-Acien A, et al.
Social Determinants of Health and Diabetes: A Scientific Review. Diabetes Care
2020:dci200053. https://doi.org/10.2337/dci20-0053.

Hood CM, Gennuso KP, Swain GR, Catlin BB. County Health Rankings: Relationships
Between Determinant Factors and Health Outcomes. Am J Prev Med 2016;50:129-35.
https://doi.org/10.1016/j.amepre.2015.08.024.

Hypertension in adults: diagnosis and management. London: National Institute for
Health and Care Excellence (NICE); 2022.

Institute for Health Metrics and Evaluation (IHME). GBD Compare. Seattle, WA: IHME,
University of Washington, 2015. Available from http://vizhub.healthdata.org/gbd-
compare. n.d.

JiL, Hu D, Pan C, Weng J, Huo Y, Ma C, et al. Primacy of the 3B approach to control
risk factors for cardiovascular disease in type 2 diabetes patients. Am J Med
2013;126:925.e11-22. https://doi.org/10.1016/j.amjmed.2013.02.035.

Jiao FF, Fung CSC, Wan EYF, Chan AKC, McGhee SM, Kwok RLP, et al. Five-Year
Cost-effectiveness of the Multidisciplinary Risk Assessment and Management
Programme-Diabetes Mellitus (RAMP-DM). Diabetes Care 2018a;41:250-7.
https://doi.org/10.2337/dc17-1149.

Jiao FF, Fung CSC, Wan EYF, Chan AKC, McGhee SM, Kwok RLP, et al. Five-Year
Cost-effectiveness of the Multidisciplinary Risk Assessment and Management
Programme-Diabetes Mellitus (RAMP-DM). Diabetes Care 2018b;41:250-7.
https://doi.org/10.2337/dc17-1149.

Johannesen CDL, Langsted A, Mortensen MB, Nordestgaard BG. Association between
low density lipoprotein and all cause and cause specific mortality in Denmark:
prospective cohort study. BMJ 2020;371:m4266. https://doi.org/10.1136/bmj.m4266.

Joseph JJ, Deedwania P, Acharya T, Aguilar D, Bhatt DL, Chyun DA, et al.
Comprehensive Management of Cardiovascular Risk Factors for Adults With Type 2
Diabetes: A Scientific Statement From the American Heart Association. Circulation
2022;145:e722-59. https://doi.org/10.1161/CIR.0000000000001040.

Kar D, Gillies C, Zaccardi F, Webb D, Seidu S, Tesfaye S, et al. Relationship of
cardiometabolic parameters in non-smokers, current smokers, and quitters in diabetes:
a systematic review and meta-analysis. Cardiovascular Diabetology 2016;15:158.



94

https://doi.org/10.1186/s12933-016-0475-5.

Khunti K, Ceriello A, Cos X, De Block C. Achievement of guideline targets for blood
pressure, lipid, and glycaemic control in type 2 diabetes: A meta-analysis. Diabetes
Res Clin Pract 2018;137:137-48. https://doi.org/10.1016/j.diabres.2017.12.004.

Kianmehr H, Zhang P, Luo J, Guo J, Pavkov ME, Bullard KM, et al. Potential Gains in
Life Expectancy Associated With Achieving Treatment Goals in US Adults With Type 2
Diabetes. JAMA Netw Open 2022;5:e227705.
https://doi.org/10.1001/jamanetworkopen.2022.7705.

Kim B-Y, Won JC, Lee JH, Kim H-S, Park JH, Ha KH, et al. Diabetes Fact Sheets in
Korea, 2018: An Appraisal of Current Status. Diabetes Metab J 2019;43:487-94.
https://doi.org/10.4093/dm;j.2019.0067.

Kim, B.-Y.; Won, J.C.; Lee, J.H.; Kim, H.-S.; Park, J.H.; Ha, K.H.; Won, K.C.; Kim, D.J.;
Park, K.S. Diabetes Fact Sheets in Korea, 2018: An Appraisal of Current Status.
Diabetes Metab. J. 2019, 43, 487-494. 2019.

Kim, B.-Y.; Won, J.C.; Lee, J.H.; Kim, H.-S.; Park, J.H.; Ha, K.H.; Won, K.C.; Kim, D.J.;
Park, K.S. Diabetes Fact Sheets in Korea, 2018: An Appraisal of Current Status.
Diabetes Metab. J. 2019, 43, 487—-494. n.d.

Ladwig R, Vigo A, Fedeli LMG, Chambless LE, Bensenor |, Schmidt MI, et al.
Variability in baseline laboratory measurements of the Brazilian Longitudinal Study of
Adult Health (ELSA-Brasil). Braz J Med Biol Res 2016;49. https://doi.org/10.1590/1414-
431X20165381.

Liu Y, Liu F, Zhang L, Li J, Kang W, Cao M, et al. Association between low density
lipoprotein cholesterol and all-cause mortality: results from the NHANES 1999-2014.
Sci Rep 2021;11:22111. https://doi.org/10.1038/s41598-021-01738-w.

Lv F, Gao X, Huang AH, Zu J, He X, Sun X, et al. Excess diabetes mellitus-related
deaths during the COVID-19 pandemic in the United States. EClinicalMedicine
2022;54:101671. https://doi.org/10.1016/j.eclinm.2022.101671.

McEwen LN, Kim C, Karter AJ, Haan MN, Ghosh D, Lantz PM, et al. Risk factors for
mortality among patients with diabetes: the Translating Research Into Action for
Diabetes (TRIAD) Study. Diabetes Care 2007;30:1736-41.
https://doi.org/10.2337/dc07-0305.

Mendivil CO, Amaya-Montoya M, Hernandez-Vargas JA, Ramirez-Garcia N, Herrera-
Parra LJ, Guatibonza-Garcia V, et al. Impact of metabolic control on all-cause mortality
in a nationwide cohort of patients with diabetes from Colombia. Front Endocrinol
(Lausanne) 2023;14:1073833. https://doi.org/10.3389/fendo.2023.1073833.

Mill JG, Pinto K, Griep RH, Goulart A, Foppa M, Lotufo PA, et al. [Medical assessments
and measurements in ELSA-Brasil]. Rev Saude Publica 2013;47 Suppl 2:54-62.
https://doi.org/10.1590/s0034-8910.2013047003851.

Ministério da Saude. Ministério da Saude lanca linhas de cuidado para tratar diabetes
mellitus e obesidade em adultos. Ministério da Saude 2021.
https://www.gov.br/saude/pt-br/assuntos/noticias/2021-1/outubro/ministerio-da-saude-
lanca-linhas-de-cuidado-para-tratar-diabetes-mellitus-e-obesidade-em-adultos
(accessed March 31, 2023).



95

Moraes HAB de, Mengue SS, Molina M del CB, Cade NV. Fatores associados ao
controle glicémico em amostra de individuos com diabetes mellitus do Estudo
Longitudinal de Saude do Adulto, Brasil, 2008 a 2010. Epidemiol Serv Saude 2020;29.
https://doi.org/10.5123/S1679-49742020000300017.

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in diabetes since 1980:
a pooled analysis of 751 population-based studies with 4.4 million participants. Lancet
2016;387:1513-30. https://doi.org/10.1016/S0140-6736(16)00618-8.

Ng IHY, Cheung KKT, Yau TTL, Chow E, Ozaki R, Chan JCN. Evolution of Diabetes
Care in Hong Kong: From the Hong Kong Diabetes Register to JADE-PEARL Program
to RAMP and PEP Program. Endocrinol Metab (Seoul) 2018a;33:17-32.
https://doi.org/10.3803/EnM.2018.33.1.17.

Ng IHY, Cheung KKT, Yau TTL, Chow E, Ozaki R, Chan JCN. Evolution of Diabetes
Care in Hong Kong: From the Hong Kong Diabetes Register to JADE-PEARL Program
to RAMP and PEP Program. Endocrinol Metab (Seoul) 2018b;33:17-32.
https://doi.org/10.3803/EnM.2018.33.1.17.

Pearson-Stuttard J, Bennett J, Cheng YJ, Vamos EP, Cross AJ, Ezzati M, et al. Trends
in predominant causes of death in individuals with and without diabetes in England
from 2001 to 2018: an epidemiological analysis of linked primary care records. Lancet
Diabetes Endocrinol 2021;9:165-73. https://doi.org/10.1016/S2213-8587(20)30431-9.

Popkin BM. Nutrition Transition and the Global Diabetes Epidemic. Curr Diab Rep
2015;15:64. https://doi.org/10.1007/s11892-015-0631-4.

Poplawski G, Ishikawa T, Brifault C, Lee-Kubli C, Regestam R, Henry KW, et al.
Schwann cells regulate sensory neuron gene expression before and after peripheral
nerve injury. Glia 2018;66:1577-90. https://doi.org/10.1002/glia.23325.

Portes LH, Machado CV, Turci SRB. Trajetéria da politica de controle do tabaco no
Brasil de 1986 a 2016. Cad Saude Publica 2018;34. https://doi.org/10.1590/0102-
311X00017317.

Prevalence and Correlates of Inadequate Glycaemic Control: Results from a
Nationwide Survey in 6,671 Adults with Diabetes in Brazil. Acta Diabetol. 2010, 47,
137-145. n.d.

Prevalence and Correlates of Inadequate Glycaemic Control: Results from a
Nationwide Survey in 6,671 Adults with Diabetes in Brazil. Acta Diabetol. 2010, 47,
137-145. n.d.

R Core Team (2022). R: A language and environment for statistical computing. n.d.
Ranieri P, Rozzini R, Franzoni S, Barbisoni P, Trabucchi M. Serum cholesterol levels
as a measure of frailty in elderly patients. Exp Aging Res 1998;24:169-79.
https://doi.org/10.1080/036107398244300.

Rao Kondapally Seshasai S, Kaptoge S, Thompson A, Di Angelantonio E, Gao P,
Sarwar N, et al. Diabetes mellitus, fasting glucose, and risk of cause-specific death. N
Engl J Med 2011;364:829—41. https://doi.org/10.1056/NEJM0al1008862.

Ravnskov U, Diamond DM, Hama R, Hamazaki T, Hammarskjéld B, Hynes N, et al.
Lack of an association or an inverse association between low-density-lipoprotein
cholesterol and mortality in the elderly: a systematic review. BMJ Open



96

2016;6:010401. https://doi.org/10.1136/bmjopen-2015-010401.

Rawshani Aidin, Rawshani Araz, Franzén S, Sattar N, Eliasson B, Svensson A-M, et al.
Risk Factors, Mortality, and Cardiovascular Outcomes in Patients with Type 2
Diabetes. N Engl J Med 2018a;379:633—44. https://doi.org/10.1056/NEJM0al1800256.
Rawshani Aidin, Rawshani Araz, Franzén S, Sattar N, Eliasson B, Svensson A-M, et al.
Risk Factors, Mortality, and Cardiovascular Outcomes in Patients with Type 2
Diabetes. N Engl J Med 2018b;379:633—44. https://doi.org/10.1056/NEJM0al1800256.

Rawshani Aidin, Rawshani Araz, Franzén S, Sattar N, Eliasson B, Svensson A-M, et al.
Risk Factors, Mortality, and Cardiovascular Outcomes in Patients with Type 2
Diabetes. N Engl J Med 2018c;379:633-44. https://doi.org/10.1056/NEJM0a1800256.

dos Reis RCP, Duncan BB, Szwarcwald CL, Malta DC, Schmidt MI. Control of
Glucose, Blood Pressure, and Cholesterol among Adults with Diabetes: The Brazilian
National Health Survey. JCM 2021a;10:3428. https://doi.org/10.3390/jcm10153428.

dos Reis RCP, Duncan BB, Szwarcwald CL, Malta DC, Schmidt MI. Control of
Glucose, Blood Pressure, and Cholesterol among Adults with Diabetes: The Brazilian
National Health Survey. JCM 2021b;10:3428. https://doi.org/10.3390/jcm10153428.

Rosa MQM, Rosa RDS, Correia MG, Araujo DV, Bahia LR, Toscano CM. Disease and
Economic Burden of Hospitalizations Attributable to Diabetes Mellitus and Its
Complications: A Nationwide Study in Brazil. Int J Environ Res Public Health
2018;15:E294. https://doi.org/10.3390/ijerph15020294.

Rosa R, Nita ME, Rached R, Donato B, Rahal E. Estimated hospitalizations attributable
to Diabetes Mellitus within the public healthcare system in Brazil from 2008 to 2010:
study DIAPS 79. Rev Assoc Med Bras 2014;60:222-30. https://doi.org/10.1590/1806-
9282.60.03.010.

Rothman KJ, Gallacher JEJ, Hatch EE. Why representativeness should be avoided. Int
J Epidemiol 2013;42:1012-4. https://doi.org/10.1093/ije/dys223.

Schmidt MI, Duncan BB, Ishitani L, da Conceig&o Franco G, de Abreu DMX, Lana GC,
et al. Trends in mortality due to diabetes in Brazil, 1996—2011. Diabetol Metab Syndr
2015;7:109. https://doi.org/10.1186/s13098-015-0105-5.

Schmidt MI, Griep RH, Passos VM, Luft VC, Goulart AC, Menezes GM de S, et al.
[Strategies and development of quality assurance and control in the ELSA-Brasil]. Rev
Saude Publica 2013;47 Suppl 2:105-12. https://doi.org/10.1590/s0034-
8910.2013047003889.

Schmidt MI, Hoffmann JF, de Fatima Sander Diniz M, Lotufo PA, Griep RH, Bensenor
IM, et al. High prevalence of diabetes and intermediate hyperglycemia — The Brazilian
Longitudinal Study of Adult Health (ELSA-Brasil). Diabetology & Metabolic Syndrome
2014;6:123. https://doi.org/10.1186/1758-5996-6-123.

Seidu S, Achana FA, Gray LJ, Davies MJ, Khunti K. Effects of glucose-lowering and
multifactorial interventions on cardiovascular and mortality outcomes: a meta-analysis
of randomized control trials. Diabet Med 2016;33:280-9.
https://doi.org/10.1111/dme.12885.

Seuring T, Archangelidi O, Suhrcke M. The Economic Costs of Type 2 Diabetes: A
Global Systematic Review. Pharmacoeconomics 2015;33:811-31.



97

https://doi.org/10.1007/s40273-015-0268-9.

Silva S de S, Mambrini JV de M, Turci MA, Macinko J, Lima-Costa MF. Uso de
servi¢os de saude por diabéticos cobertos por plano privado em comparagéo aos
usuarios do Sistema Unico de Satde no Municipio de Belo Horizonte, Minas Gerais,
Brasil. Cad Saude Publica 2016;32. https://doi.org/10.1590/0102-311X00014615.

Sliwinska-Mosson M, Milnerowicz H. The impact of smoking on the development of
diabetes and its complications. Diab Vasc Dis Res 2017;14:265-76.
https://doi.org/10.1177/1479164117701876.

Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF
Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for
2021 and projections for 2045. Diabetes Research and Clinical Practice 2022;183.
https://doi.org/10.1016/j.diabres.2021.109119.

Tancredi M, Rosengren A, Svensson A-M, Kosiborod M, Pivodic A, Gudbjérnsdottir S,
et al. Excess Mortality among Persons with Type 2 Diabetes. N Engl J Med
2015;373:1720-32. https://doi.org/10.1056/NEJM0a1504347.

Tomic D, Shaw JE, Magliano DJ. The burden and risks of emerging complications of
diabetes mellitus. Nat Rev Endocrinol 2022:1-15. https://doi.org/10.1038/s41574-022-
00690-7.

Type 2 diabetes in adults: management. London: National Institute for Health and Care
Excellence (NICE); 2015.

Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global burden of
369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic
analysis for the Global Burden of Disease Study 2019. The Lancet 2020;396:1204—-22.
https://doi.org/10.1016/S0140-6736(20)30925-9.

de Vries FM, Denig P, Pouwels KB, Postma MJ, Hak E. Primary prevention of major
cardiovascular and cerebrovascular events with statins in diabetic patients: a meta-
analysis. Drugs 2012;72:2365-73. https://doi.org/10.2165/11638240-000000000-
00000.

WHO About Diabetes. WHO About Diabetes 2019. https://www.who.int/health-
topics/diabetes#tab=tab 1 (accessed June 30, 2022).

WHO CVD Risk Chart Working Group. World Health Organization cardiovascular
disease risk charts: revised models to estimate risk in 21 global regions. Lancet Glob
Health 2019a;7:€1332-45. https://doi.org/10.1016/S2214-109X(19)30318-3.

WHO CVD Risk Chart Working Group. World Health Organization cardiovascular
disease risk charts: revised models to estimate risk in 21 global regions. Lancet Glob
Health 2019b;7:€1332-45. https://doi.org/10.1016/S2214-109X(19)30318-3.

Yu,N.-C.;Su,H.-Y.;Chiou,S.-T.;Yeh,M.C.;Yeh,S.-W.;Tzeng,M.-S.;Sheu,W.H.-H.
TrendsofABCControl2006—2011: ANational Survey of Diabetes Health Promotion
Institutes in Taiwan. Diabetes Res. Clin. Pract. 2013, 99, 112-119. n.d.

Zelada H, Bernabe-Ortiz A, Manrique H. Inhospital Mortality in Patients with Type 2
Diabetes Mellitus: A Prospective Cohort Study in Lima, Peru. J Diabetes Res
2016;2016:7287215. https://doi.org/10.1155/2016/7287215.



98



ANEXOS

a. Publicacdo “Levels and Correlates of Risk Factor Control
in Diabetes Mellitus —ELSA Brasil”

99



Chwal et al.
Diabetology & Metabolic Syndrome (2023) 15:4
https://doi.org/10.1186/513098-022-00961-3

Diabetology &
Metabolic Syndrome

®

L evels and correlates of risk factor control ot

in diabetes mellitus —ELSA-Brasil

Bruna Cristine Chwal', Rodrigo Citton Padilha dos Reis'?, Maria Inés Schmidt', Bruce B. Duncan'?,
Sandhi Maria Barreto® and Rosane Harter Griep?

Abstract

Background Control of glucose, blood pressure, cholesterol, and smoking improves the prognosis of individuals with
diabetes mellitus. Our objective was to assess the level of control of these risk factors in Brazilian adults with known
diabetes and evaluate correlates of target achievement.

Methods Cross-sectional sample of the Brazilian Longitudinal Study of Adult Health, composed of participants
reporting a previous diagnosis of diabetes or the use oof antidiabetic medication. We measured glycated hemoglobin
(HbA1c) and LDL-cholesterol at a central laboratory and blood pressure following standardized protocols. We defined
HbATc <7% as glucose control (target A); blood pressure < 140/90 mmHg (or < 130/80 mmHg in high cardiovascular
risk) as blood pressure control (target B), and LDL-c <100 mg/dl (or <70 mg/d! in high risk) as lipid control (target C),
according to the 2022 American Diabetes Association guidelines.

Results Among 2062 individuals with diabetes, 1364 (66.1%) reached target A, 1596 (77.4%) target B, and 1086 (52.7%) tar-
get G only 590 (28.6%) achieved all three targets. When also considering a non-smoking target, those achieving all targets
dropped to 555 (26.9%). Women (PR=1.13; 95%Cl 1.07-1.20), those aged > 74 (PR=1.20; 95%Cl 1.08-1.34), and those with
greater per capita income (e.g., greatest income PR=1.26; 95%Cl 1.10-1.45) were more likely to reach glucose control. Those
black (PR=0.91; 95%Cl 0.83-1.00) or with a longer duration of diabetes (e.g., > 10 years PR=0.43; 95%C| 0.39-047) were

less likely. Women (PR=1.05; 95%Cl 1.00-1.11) and those with private health insurance (PR=1.15; 95%Cl 1.07-1.23) were
more likely to achieve two or more ABC targets; and those black (PR=0.86; 95%CI 0.79-0.94) and with a longer duration of
diabetes (e.g,> 10 years since diabetes diagnosis, PR=0.68; 95%Cl 0.63-0.73) less likely.

Conclusion Control of ABC targets was poor, notably for LDL-c and especially when considering combined control.
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Introduction

Diabetes mellitus is a chronic and complex disease that
requires continuous medical care. In addition to ade-
quate glycemic control, multifactorial risk reduction is
indicated [1]. In clinical trial settings, interventions to
control hyperglycemia, hypertension, and hypercholes-
terolemia, as well as to stop smoking, have been shown
to produce sustained benefits in vascular complications,
with major reductions in cardiovascular outcomes [2, 3].
Additionally, the risk of dying is only 6% greater in those
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at or below targets than in individuals without diabetes
[4].

Recommended therapeutic targets, also called the ABC
goals, usually include (A) glycated hemoglobin (HbAlc)
less than 7%, (B) a blood pressure < 140/90 mmHg, and
(C) LDL-cholesterol (LDL-c)<100 mg/dl. Tighter con-
trol has also been suggested for those with cardiovascular
disease or at high risk of developing it [5]. Additionally,
non-smoking is an important goal to be achieved.

Studies demonstrating the control of multiple risk fac-
tors in diabetes are scarce in low- and middle-income
countries. Based on a small subsample of a probabilistic
national Brazilian survey, we demonstrated that target
achievement is usually poor, except for non-smoking [6].
However, that study lacked statistical power to assess the
factors related to ABC control. Therefore, we sought to
analyze the Longitudinal Study of Adult Health (ELSA-
Brasil) to explore these associations. This large ongoing
occupational cohort study enrolled 15,105 adults in 6
capital cities from 2008 to 2010. We aimed to assess the
level of control of blood glucose, blood pressure, lipids,
and smoking habits of ELSA-Brasil participants with
known diabetes mellitus and to evaluate correlates of tar-
get achievement.

Methods

Study population and ethics

We conducted a cross-sectional study based on the third
clinic visit (2017-2019) of ELSA-Brasil. The study was
approved by the research ethics committees of partici-
pating institutions, and all participants gave their writ-
ten informed consent. The ELSA-Brasil cohort enrolled
15,105 in-service or retired civil servants aged 35 to 74
at six public institutions of higher education located in
capital cities of the states of Bahia, Espirito Santo, Minas
Gerais, Rio de Janeiro, Sdo Paulo, and Rio Grande do Sul
[7]. We included all participants returning for the 2017-
2019 clinic visit with self-report of and/or pharmacologic
treatment for diabetes. We excluded those who did not
have all measures necessary to assess whether targets
were achieved.

Measurements

Centrally trained and certified teams conducted stand-
ardized interviews and clinical assessments and col-
lected samples for biochemical tests [8]. We obtained
data on age, sex, self-declared race, history of a medi-
cal diagnosis of diabetes, duration of diabetes, and
depressive episodes by questionnaire. Physical activity
was obtained by leisure-time physical activity and cat-
egorized as [1] high >1500 MET-minutes/week, [2]
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moderate (600-1499 MET-minutes/week, and [3] low
(<600 MET-minutes/week).

Medication use was confirmed by packaging or pre-
scriptions brought to the clinic. Blood pressure was
measured three times, and systolic and diastolic blood
pressure each was ascertained as the mean of the last two
measurements. We assessed weight and height using a
standardized protocol and calculated body mass index
(BMI) as weight/height? (kg/m?).

We obtained blood samples after an overnight (>8 h)
fast and froze and shipped them to a central labora-
tory for determination. Plasma glucose was measured
using the hexokinase method (Cobas c501®, Roche
Diagnostics), HbAlc by high-pressure chromatography
(HPLC—Bio-Rad Laboratories, Hercules, CA, USA),
total cholesterol by enzymatic colorimetric method,
and triglycerides by glycerol-phosphate peroxidase
(Cobas ¢501®, Roche Diagnostics). Low-density choles-
terol (LDL-c) was estimated by the Friedewald equation
when total triglycerides were <400 mg/dl and measured
directly when they were > 400 mg/dl.

Ten-year risk of a major cardiovascular event (myo-
cardial infarction, stroke, or cardiovascular death) was
estimated based on age, sex, diabetes, smoking, systolic
blood pressure, and total cholesterol according to the
WHO Risk Chart Working Group chart for the Tropical
Latin America region [9]. We categorized this estimated
risk as high (>20%) or low.

In line with the 2022 American Diabetes Association
(ADA) guidelines for therapeutic targets [10], we con-
sidered glucose control to be adequate when HbAlc
was less than 7%. For those without high cardiovascu-
lar risk, we considered blood pressure <140/90 mmHg
and LDL-c<100 mg/dl as meeting targets [5]; and
for those with high risk or clinical cardiovascular dis-
ease, < 130/80 mmHg and <70 mg/dl, respectively [10].

Statistical analyses

We described categorical variables as frequencies and
percentages, and continuous ones as means and stand-
ard deviations (SD). We performed unadjusted statisti-
cal testing with the chi-square test for categorical and
ANOVA for continuous variables. We analyzed the
adjusted associations of socio-demographic and clinical
factors with the level of control using Poisson regression
with robust variance. We undertook all analyses with R
software (RStudio, version 1.3. 1056, ©2009—-2020 RStu-
dio Inc.).

Results

Of the 15,105 participants at baseline, 550 had died, 123
had moved away, 217 were not localized, 39 were too ill
to attend clinic at visit 3 and 1540 did not attend this visit
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for other reasons. Of the remaining 12,636 (83.7%) par-
ticipants at visit 3, 2385 (18.9%) had a known diagnosis
of diabetes. After excluding 323 participants with missing
data on risk factor control or covariates, 2062 remained.
Among these 2062 participants, 1000 (48.5%) were
men, 1217 (59.0%) aged 45-64, 961 (46.6%) with self-
declared white race/skin color, and 1068 (51.8%) with a
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complete university education. Additionally, 1380 (66.9%)
reported having private health insurance. Mean BMI was
29.6 (4.97) kg/m?, and 1812 (87.9%) individuals related
use of an antidiabetic drug. (Table 1).

Figure 1, which presents the overlap in achieving goals,
shows greater success in achieving that of blood pres-
sure and lesser success in achieving that of LDL-c, as well

Table 1 Sociodemographic and clinical characteristics of individuals with known diabetes according to levels of glycated hemoglobin

(HbA1c)—ELSA-Brasil, 2017-2019. N = 2062
HbA1c
Overall <7% 7% to <8% 8% t0 < 9% >9% P*
All 2062 (100) 1364 (66.1) 275(13.3) 172 (8.34) 251 (12.1)
Sex <0.001
Men 1000 (48.5) 616 (45.2) 157 (57.1) 94 (54.7) 133 (53.0)
Women 1062 (51.5) 748 (54.8) 118 (42.9) 78 (45.3) 118 (47.0)
Age (years), M(SD) 0.003
>44t0<54 377 (18.3) 256 (18.8) 37(13.5) 25(14.5) 59 (23.5)
>54t0<64 840 (40.7) 549 (40.2) 104 (37.8) 77 (44.8) 110 (43.8)
>64t0<74 659 (32.0) 422 (30.9) 108 (39.3) 58 (33.7) 71(28.3)
>74 186 (9.02) 37(10.0) 26 (9.45) 12 (6.98) 1(438)
Race <0.001
Black 423(20.5) 235(17.2) 74 (26.9) 33(19.2) 81(323)
Pardo 583(283) 378(27.7) 71(25.8) 59(343) 75(29.9)
White 961 (46.6) 682 (50.0) 117 (42.5) 73 (42.4) 89 (35.5)
Yellow/Indigenous 95 (4.61) 69 (5.06) 13 (4.73) 7 (4.07) 6(2.39)
Education <0.001
Less than University 994 (48.2) 562 (41.2) 56 (56.7) 109 (634) 167 (66.5)
University 1068 (51.8) 802 (58.8) 19 (43.3) 63 (36.6) 84(33.5)
Private health insurance <0.001
Yes 1380 (66.9) 972 (71.3) 172 (62.5) 112 (65.1) 124 (49.4)
Per capita income (minimum wages/ <0.001
month)’
Less than 4 356 (17.3) 174 (12.8) 1(25.8) 36 (20.9) 75 (29.9)
From 4 to less than 8 760 (36.9) 489 (35.9) 9(324) 72(41.9) 110 (43.8)
From 8 to less than 12 375(18.2) 250(18.3) 55(20.0) 33(19.2) 37(14.7)
From 12 to less than 16 214 (104) 171 (12.5) 1(7.64) 11 (6.40) 1(4.38)
16 or more 357 (17.3) 280 (20.5) 39(14.2) 20(11.6) 18(7.17)
BMI (kg/mz), M (SD) 296 (4.97) 29.5 (4.97) 29.8 (5.23) 29.5 (4.37) 29.8 (5.09) 0.671
Diabetes medication 0.521
Yes 1812 (87.9) 1201 (88.0) 238 (86.5) 156 (90.7) 217 (86.5)
WHO CVD risk
High CVD risk 53(2.57) 28 (2.05) 7 (2.55) 8 (4.65) 10 (3.98) 0.084
Years since diabetes diagnosis <0.001
0-1 352(17.1) 346 (25.4) 1(0.36) 2(1.16) 3(1.20)
1-10 1062 (51.5) 755 (55.4) 133 (484) 64 (37.2) 110 (43.8)
104+ 648 (31.4) 263 (19.3) 41(51.3) 106 (61.6) 138 (55.0)

n (%) unless otherwise indicated. Except for the row “All’, percentages are for column totals. Yellow skin color refers to Asian ancestry

M (SD) mean (standard deviation)

" Chi-square test for categorical variables and ANOVA for continuous ones of statistical significance of the difference in variable level or frequency across categories of HbATc.

'SM =The monthly minimum wage was BRL 986.00 at the time of the study
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No goal achieved

5.3%

Fig. 1 Venn diagram showing the overlap in the attainment of
treatment goals in individuals with self-reported diabetes: HbA1c (A),
blood pressure (B), and LDL-c (C). ELSA-Brasil, 2017-2019. N = 2062

100
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as no particular pattern of clustering in the success of
achieving more than one goal. Only 589 (28.6%) achieved
all three goals (center of the figure). As shown in Figs. 1,
2, HbAlc was at or below target in 1364 (66.1%), blood
pressure in 1596 (77.4%), and LDL-c in 1086 (52.7%).
Control was more frequent in those without high risk
for CVD, reflecting the more rigorous targets for those
at high risk. Non-smokers comprised 1904 (92.3%) of
the sample. However, all ABCs were at or below target in
only 590 (28.6%) participants and, when also considering
non-smoking as a target, in 555 (26.9%).

As further seen in Table 1, in crude comparisons, being
a woman, older, white, and having greater educational
attainment, greater income, and private health insurance,
as well as having a shorter duration of diabetes were all
associated with better glucose control.

As seen in crude comparisons in Table 2, several soci-
odemographic and clinical characteristics, mostly the
same as those seen in Table 1, were associated with a
greater number of ABC goals being reached—being
white, having greater educational attainment, greater
income, and private health insurance, pursuing greater

Percentual

A1C in contral BP in control LOL-C in cantral

B High cvD risk
B LowcvDrisk
. Qveral

Mot a current smoker All ABC in control All ABC and

smoking in control

ABC goals

Fig. 2 Percentual of attainment of each of the three treatment goals, with 95% confidence interval, of non-smoking and of combinations of the
goals among individuals with self-reported diabetes in Elsa-Brasil, 2017-2019. N=2062
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Table 2 Socio-demographics and clinical characteristics of individuals with type 2 diabetes according to the number of ABC goals
reached. ELSA-Brasil, 2017-2019. N =2062

Goals reached

Overall 0 Tor2 3 p*
All 2062(100) 111 (54) 1360 (66.0) 589(28.6)
Sex
Men 1000 (48.5) 60 (54.1) 655 (48.1) 285 (48.3) 0483
Women 1062 (51.5) 51(459) 706 (51.9) 305 (51.7)
Age (years), M (SD) 0.002
>44t0<54 377 (183) 13(11.7) 273 (20.1) 91 (15.4)
>54t0<64 840 (40.7) 44 (39.6) 568 (41.7) 228 (38.6)
>64t0<74 659 (32.0) 47 (42.3) 407 (29.9) 205 (34.7)
>74 86 (9.02) 7(6.31) 113(8.30) 66 (11.2)
Race <0.001
Black 423 (20.5) 38(34.2) 303 (22.3) 82(13.9)
Pardo (mixed) 583 (28.3) 36 (324) 389 (28.6) 158 (26.8)
White 961 (46.6) 33(29.7) 604 (44.4) 324 (54.9)
Yellow/Indigenous 95 (4.61) 4 (3.60) 65 (4.78) 26 (441)
Education <0.001
Less than University 994 (48.2) 81(73.0) 701 (51.5) 212(359)
University 1068 (51.8) 30(27.0) 660 (48.5) 378 (64.1)
Private health insurance 1380 (66.9) 48 (43.2) 876 (64.4) 456 (77.3) <0.001
Yes
Per capita income (minimum wages/month)’ <0.001
Less than 4 356 (17.3) 37(33.3) 260 (19.1) 59 (10.0)
From 4 to less than 8 760 (36.9) 43(38.7) 518(38.1) 199 (33.7)
From 8 to less than 12 375(18.2) 17(15.3) 247(18.1) 111(18.8)
From 12 to less than 16 4(104) 9(8.11) 127 (9.33) 78(13.2)
16 or more 357 (17.3) 5 (4.50) 209 (15.4) 143 (24.2)
BMI (kg/mz), M (SD) 29.6 (4.97) 30.3 (5.48) 29.5 (4.89) 29.6 (5.05) 0.245
Physical activity (MET-minutes/week)? 0.046
Low 1490 (72.3) 89(80.2) 995 (73.1) 406 (68.8)
Moderate 453 (22.0) 20(18.0) 292 (21.5) 141 (23.9)
High 119 (5.77) 2(1.80) 74 (5.44) 43(7.29)
Depressive episodes
Yes 107 (5.19) 6(541) 74 (5.44) 27 (4.58) 0.729
Diabetes medication <0.001
Yes 1805 (87.5) 91 (82.0) 1172 (86.1) 541(91.7)
Years since diabetes diagnosis <0.001
0-1 352(17.1) 2(1.80) 199 (14.6) 151 (25.6)
1-10 1062 (51.5) 54 (48.6) 699 (51.4) 309 (52.4)
10+ 648 (314) 55 (49.5) 463 (34.0) 130 (22.0)

n (%) unless otherwise indicated. Except for the row “All", percentages are for column totals. Yellow skin color refers to Asian ancestry, physical activity refers to physical
activity during leisure time.

M (5D) mean (standard deviation)

" Chi-square test for categorical variables and ANOVA for continuous ones of statistical significance of the difference in variable level or frequency across categories of HbATc
! SM = The monthly minimum wage was BRL 986.00 at the time of the study

2 High 1500 MET-minutes/week; moderate 600 MET-minutes/week; low less than 600 MET minutes/week
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Table 3 Adjusted® associations of selected population and
clinical characteristics among individuals with known type 2
diabetes. ELSA-Brasil, 2017-2019. N =2062

Characteristic HbA1C<7% Achieving>2
treatment goals**
PR (95% Cl) P PR (95% Cl) P

Sex (reference: men)

Women 1.13(1.07-1.20) <0.001 1.05(1.00-1.11) 0.050
Age (years, reference: < 54)

>54t0<64 1.03 (0.95-1.11) 0453 1.01(0.94-1.08) 0.836
>64t0<74 1.08 (0.99-1.17) 0.080 1.03 (0.96-1.11) 0415
>74 1.20(1.08-134)  <0.001 1.02 (0.91-1.04) 0.646
Race (reference: white)

Black 0.91 (0.83-1.00) 0.041 0.86 (0.79-0.94) <0.001
Pardo (mixed) 1.01 (0.95-1.08) 0.701 0.95 (0.90-1.02) 0.139
Yellow/indigenous 1.05 (0.93-1.19) 0.433 0.94 (0.83-1.06) 0.307
Education (reference: university)

Less than uni- 0.94 (0.86-1.01) 0.101 0.97 (0.91-1.04) 0419
versity

Private health insurance (reference: no)

Yes 1.07 (0.99-1.15) 0.083 1.15(1.07-1.23)  <0.001
Per capita income (minimum wages/mo. Reference: less than 4)1

4to<8 1.20 (1.07-1.34) 0.002 1.12(1.01-1.23) 0.031
8to<12 1.16 (1.02-1.32) 0.023 1.11 (1.00-1.25) 0.061
12t0< 16 1.27 (1.11-1.45) 0.001 8(1.05-1.33) 0.007
>16 1.26 (1.10-1.45) 0.001 1.19 (1.06-1.34) 0.004
Body mass index  0.97 (0.95-1.00) 0.087 0.96 (0.94-0. 99) 0.012
(increase of 5 kg/

m?)

Diabetes medication

Yes 1.03(0.94-1.12) 0.535 1.03 (0.95-1.12) 0.507
Years since diabetes diagnosis (reference: 0-1)

1-10 0.74(0.71-0.77)  <0.001 0.87 (0.82-0.91) 0.001
10+ 043(0.39-047)  <0.001 068 (0.63-0.73) <0.001

" through Poisson regression with robust variance for age, sex, educational
achievement, race/skin color, private health insurance, per capita income,
diabetes medication, body mass index, and years since diagnosis

*Treatment goals: glucose, blood pressure and LDL-c

" Minimum wage: the monthly minimum wage was BRL 986.00 at the time of
the study

physical activity, having a lower BMI and using antidia-
betic medications.

As seen in Table 3, after adjustment for multiple poten-
tial confounders, women (PR=1.13; 95%CI 1.07-1.20),
those >74 years old (RR=1.20; 95%CI 1.08-1.34), and
those with greater income (e.g. for those with the high-
est income (PR 1.26. 95%CI 1.10-1.45) were more likely
to achieve the HbAlc goal, while those black (PR=0.91;
95%CI 0.83-1.00) and with diabetes of longer dura-
tion (e.g.>10 years PR=0.43; 95%CI 0.39-0.47) less
likely. In terms of ABC goals, women (PR=1.05; 95%CI
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1.00-1.11) and those with private health insurance
(PR=1.15; 95%CI 1.07-1.23) and with higher per capita
income (e.g. for those with highest income PR=1.19;
95%CI1.06-1.34) had a greater probability of meeting
two or more ABC goals. On the other hand, those black
(PR=0.86; 95%CI 0.79-0.94), with greater body mass
index (PR=0.96; 95%CI 0.94—0.99), and with a longer
duration of diabetes (e.g.>10 years PR=0.68; 95%CI
0.63-0.73) were less likely to achieve two or more of the
goals.

Discussion

In this free-living sample of 2063 Brazilian adults with
known diabetes, HbA1lc was controlled in more than half
of the sample (66.1%), as were blood pressure (77.4%) and
LDL-c (52.6%). However, only 28.6% of participants had
all three factors controlled. Some indicators of greater
social privilege (white ethnicity, higher income, and
access to private health insurance) are associated with
meeting targets.

The fraction of individuals reaching glycemic, blood
pressure, and LDL-c goals in the ELSA-Brasil cohort
was greater than that seen in the 2013 Brazilian National
Health Survey [6]: 66.1% in ELSA-Brasil vs 46% in the
national survey when using identical control cutoffs
for targets. Attainment of all three ABC goals in ELSA-
Brasil participants was also greater than in this Brazil-
ian National Health Survey (28.6% vs 12.5%). Consonant
with the high estimates of non-smoking in Brazilian
adults in general, achievement of the non-smoking target
was similar in both studies (92.3% vs 90.3%) and higher
than those found in other surveys [11, 12]. This achieve-
ment results from the long-term implementation of mul-
tiple, strong public policies against tobacco [13] in Brazil.

In studies in diverse countries, attainment of all ABC
goals was always low. In the US NHANES, 22.2% of
individuals simultaneously achieved all three targets
(HbAlc <7%, blood pressure <140/90 mmHg, and non—
high-density lipoprotein cholesterol <130 mg/dl) [14].
In the Korean NHANES, with a more stringent target
for glycemic control (HbAlc<6.5%), and with targets
of blood pressure <140/85 mmHg, and LDL-C below
100 mg/dl, only 8.4% of subjects reached all three targets
[15]. In a study in nine Latin American countries, glyce-
mic control was also lower (43.5%) than that described
here [16]. Our findings thus complement those already
present in the literature, showing the current difficulty
faced by diabetic patients in achieving desired levels of
the principal factors affecting their prognosis which are
modifiable at the individual level.

We found several characteristics that identified those
not reaching targets for hyperglycemia and the ABC
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goals. As expected, a greater duration of diabetes was
one. A higher BMI was marginally associated with a
lesser frequency of control. Women were more fre-
quently in glycemic control and achieved greater ABC
control. The additional factors associated with worse
control—being non-white, with lower income, and not
having private health insurance, all point to better con-
trol being in part the result of social privilege.

Similarly, a representative survey of adults with dia-
betes showed that private health insurance led to their
receiving better quality primary care, as measured by
the cardinal attributes of quality primary care, especially
access. Greater access to care provides a logical pathway
linking this insurance to better control [17]. A multi-
center Brazilian study of hospital outpatients showed that
multi-professional care and having had diabetes educa-
tion as well as disease of lesser duration significantly
associated with improved glycemic control [18]. Moréaes
et al., evaluating only glycemic control at the baseline
ELSA-Brasil visit, demonstrated similar associations with
socioeconomic factors [19] as those we found here for
overall ABC target achievement.

Our study has limitations, principally that our sample
is composed of active or retired civil servants, a socially
privileged sample when compared to the general Bra-
zilian population in terms of educational achievement,
income, and job stability among other factors. That we
found major socioeconomic determinants of control in
this more privileged population only emphasizes the like-
lihood of greater health disparities in achieving ABC tar-
gets in the general diabetic population.

Strengths of our study include its free-living sample
of participants obtained in multiple cities across Bra-
zil, different from many other studies which investi-
gated less representative inpatient or outpatient samples
which will have both more comorbidities and, by their
entry criteria, better access to care. Additional strengths
include ELSA s careful and extensive collection of factors
examined, its standardized and centralized laboratory
measurements, and its sample size permitting adequate
investigation of epidemiologically relevant associations.

As has been shown for health outcomes in general
[20], the correlates of control we found demonstrate
the major role of social determinants of health in the
ABCs of diabetes control. As put forth by the American
Heart Association, clinical care and treatment account
for 10% to 20% of the modifiable contributors to health
outcomes. The other 80% to 90% are the social determi-
nants of health, which include health-related behaviors,
socioeconomic factors, environmental factors, and rac-
ism, all recognized to have a profound impact on cardi-
ovascular disease and diabetes and their outcomes [21].
The ADA also recently summarized what is known about
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the importance of social determinants [22]. One implica-
tion from these findings is clear: though better control
across the board is necessary, improvement and greater
resources for the care for people with diabetes in the
SUS, Brazil’s national health system should be a major
goal if the aim is to improve control in the overall popula-
tion of those with diabetes in Brazil. The SUS covers the
bulk of the population and the majority of its underprivi-
leged citizens. It also presents the advantage of providing
cost-effective, evidence-based protocols to achieve treat-
ment goals.

These findings are particularly relevant now, as actions
aimed to achieve greater control at the health system
level, supported by greater tracking and feedback of care,
are now feasible given advances in information technol-
ogy. The implementation and expansion of a diabetes
registry orienting patient care in several Asian coun-
tries produced improvement in control of all the ABCs.
In Hong Kong, a setting for which longer follow-up is
available, the implementation of the registry was accom-
panied by a 40% decrease in CVD or microvascular com-
plications and a 66% decrease in all-cause mortality, [23]
and was additionally estimated to be cost-saving. [24] In
Brazil, advances in the integration of databases within
the national health system, which favors primary care
and focuses resources on underprivileged communities,
offer great hope in this regard. In this scenario, our study,
by expanding knowledge of control of diabetes in Brazil
and demonstrating the major role of socioeconomic fac-
tors, contributes to future strategies for better control
and health promotion of Brazilians with diabetes. Future
research can refine questions related to the relative bene-
fit of greater control across the board as opposed to focus
on better control among those with worst baseline levels.

Additionally, issues of relaxed control, especially of
HbAlc, in older patients and those with greater mor-
bidity and thus greater difficulty in managing multi-
ple medications, are also important [5]. The American
Heart Association currently emphasizes a comprehen-
sive approach to the management of all cardiovascular
risk factors in patients with diabetes, including glyce-
mic, blood pressure, lipid abnormalities, thrombotic
risk, obesity, and smoking through applying lifestyle and
pharmacological approaches with proven benefit using a
patient-centered approach. This latter implies reframing
clinical encounters to approach patients as people who
live in families, communities, and societies that must be
considered in their cardiovascular risk management. [5]
While the ideal fraction of the diabetes population in
control of all the ABCs, given these issues, is a question
that remains open for debate, certainly it is much greater
than the current fraction.
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In conclusion, control of ABC targets was poor, nota-
bly for LDL-c and especially when considering combined
control. Our findings reinforce that much room exists for
improvement in controlling these modifiable prognos-
tic factors, notably LDL-c and especially when consider-
ing combined control. Less frequent control among those
black, with lower income, and without health insurance
reinforces the role of social factors in the multicausal con-
text of control of risk factors for complications in diabetes.
With due attention to social determinants and focusing
on better integration of health system data to evaluate
and orient patient care, health systems and clinicians can
and should strive to implement better care for people with
diabetes.
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